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INTRODUCTION 
Intermediate wheatgrass (Agropyron intermedium [Host] Beauv.) is a 
perennial, sod-forming grass introduced into the United States in the 
1920*s from Russia and Europe (19). Since its introduction, th^s species 
has been reconmended for seeding on cool area western ranges which're-
ceive over 12 to 14 inches of annual precipitation, but irrigation 
frequently is enployed for this species in areas where annual precipi­
tation is not adequate for good growth. 
Like other wheatgrasses, intermediate lAieatgrass is a cool-season 
grass which furnishes green feed for livestock during the spring and 
fall growing seasons. With adequate moisture, this species may also 
produce some growth in the summer. A common practice at the Cedar City 
Livestock and Range Field Station of the Utah Agricultural Experiment 
Station is to graze this grass in the spring, irrigate to produce sum­
mer growth, and then graze again in the fall. Grazing during active 
growth periods, however, may reduce carbohydrate reserve levels, root 
development, and subsequent herbage yields. Physiological responses of 
several wheatgrass species to various treatments have been investigated, 
but few data are available for intermediate i^eatgrass; because of this 
and its present and potential importance, the species was chosen for 
study. The treatments tested simulated conditions typical for this grass 
on many western range pastures. 
The investigations with intermediate wheatgrass reported in this 
dissertation were designed to determine treatment influences on herbage 
yield, root development, and periodic carbohydrate and nitrogen levels of 
2 
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herbage, stem bases and rhizomes, and roots. The treatments were a 
factorial arrangement of three irrigation levels and two clipping treat-
ment5. The three irrigation treatments were no irrigation, one spring 
irrigation, and frequent irrigation. The two clipping treatments were 
clipping in both the spring and fall, and clipping only in the fall. 
Also studied were seasonal trends of carbohydrates and nitrogen in 
herbage, stem bases and rhizomes, and roots of undipped, clipped, tnd 
etiolated plants. Carbohydrate analytical methods were tested, and re­
serve carbohydrates identified. 
The study site was on the College of Southern Utah State Well Farm, 
located approximately 3 miles west of Cedar City, Utah. The area had 
been cultivated for a brief period at an earlier date, but cropping was 
abandoned and rubber rabbitbrush (Chrvsothamnus nauseosus Britton) 
S 
^ became prominent in the field. The rabbitbrush was removed by root plow­
ing, and the field left fallow for two years prior to seeding in November 
1956. At this time, intermediate wheatgrass was seeded in deep furrows 
spaced 21 inches apart. The seeding rate was 7.5 pounds per acre. The 
pasture received one or two irrigations each year and was grazed by sheep 
both spring and fall prior to fencing of a plot for the current study. 
The soil is a Mumford silty clay loam, characterized by poor struc­
ture and slow infiltration of water. Sykes (89) found this soil to have 
a high rate of soil moisture "crawl." , He reported the permanent wilting 
percentage of this soil to be 40 atmospheres for intermediate wheatgrass 
and 12 atmospheres for sunflower (Helianthus annuus L.)= 
An average annual precipitation of 8.86 inches was recorded from 
1950 to 1964 at the Cedar City Airport, which is located about 3 miles 
from the study area. Precipitation was highest in the winter# but 
% 
thunderstorms in July and August provided considerable summer precipi­
tation in some years. Dry spring and fall seasons are characteristic. 
V 
The spring season is windy. 
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REVIEW OF LITERATURE 
In 1914 Sampson (76) published a paper entitled "Natural Revegeta-
tion of Rangelands Based Upon the Requirements and Life History of 
Vegetation," thus, a knowledge of the growth requirements of individual 
species has long beer, recognized as essential in proper range management. 
The inçortance of an understanding of plant physiology to range management 
is discussed in current range management texts (77 and 84), and Hedrick 
(37) and Jameson (44) have en^hasized this aspect of range management in 
recent reviews. Â number of other authors have reviewed the literature 
on various phases of forage plant physiology. 
Weinmann (100) presented an excellent review of the literature up to 
1948 on root development and carbohydrate reserve studies of forage 
species and reported on further studies in 1952 (101). Troughton's (92) 
bulletin on the underground organs of herbage grasses is also an informa­
tive review of research relating to growth and carbohydrate reserves of 
the underground portions of grasses. Characteristics and seasonal changes 
of the fructosans in the monocotyledons were reviewed by Archbold (5), 
and in 1960, May (67) published a review of carbohydrate reserves in 
pasture plants as influenced by defoliation. Hay emphasized caution in 
assuming the stored carbohydrates are the direct causative agent for 
plant regrowth following defoliation. He suggested the need for more 
information on..."mobilizing hormones, mechanisms of translocation, and 
utilization of carbohydrates at meristems...." 
Sullivan and Garber (86) reviewed research on the chemical com­
position of pasture forage and the factors which influenced this 
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composition. Their ençhasis was on the conçosition of the herbage as 
this influenced its value for livestock. They reported that such terms as 
hemicelluloses and soluble carbohydrates are not specific but rather 
depend on the analytical methods used. They also observed that fructosans 
were often confused with and reported as starch in the literature. 
Two 1962 publications contain chapters in which the physiology of 
forage plants and methods for studying forage plant responses are review­
ed. In chapter four of the publication written by the Joint Committee of 
thé American Society of Range Management and the Agricultural Board (46), 
problems and techniques for studying root reserves, habits, and develop-, 
ment are reviewed. In the other publication, a coiqpilation of a U. S. 
Forest Service synçosium on range research methods-, Jameson (43) discussed 
methods for evaluating the responses of individual plants to grazing. He 
discussed, among other items-, the photoperiodic responses, nutrient and 
hormone theories of lateral bud suppression, and reviewed literature on 
the influence of clipping on herbage yield and root growth. He noted that 
high levels of carbohydrates may be an indication of some mechanism in­
hibiting growth, thus, high levels may not be an index of favorable plant 
responses to treatments. 
There have been numerous studies of the influence of frequency, 
height, and time of herbage removal on the herbage yield and density of 
forage plants. Jameson and Huss (45) found that the removal of leaves 
reduced carbohydrates of stem bases more than the removal of both leaves 
and stems, and stressed the need of clipping studies to evaluate removal 
of different plant parts to more closely simulate grazing. In addition 
to Jameson and I&iss's objection, clipping treatments are often much more 
6 
severe in herbage removal than normal grazing, and clipping does not 
provide the trampling effect associated with grazing. Clipping studies 
enable the evaluation of the effects of herbage removal without the other 
grazing influences; but care should be observed in making direct compari­
sons between grazing and clipping treatments. 
Weaver and Hougen (96) clipped prairie grasses at six locations in 
Nebraska and found, for the first year, frequent clipping yielded more 
herbage on four out of the six sites. Frequently clipped plots yielded 
progressively less the second and third years conpared to plots clipped 
only once. ïfolscher (38) found that frequent and close grazing over a 
four-year period reduced density and herbage production of blue grama 
(Bouteloua gracilis [[H.B.K.J Lag. ex Steud.) and bluestem wheatgrass 
(Agropvron smlthii Rvdb.). but blue grama density and herbage yield in­
creased at first and then declined. Lang andr Barnes (51) clipped short-
grass vegetation and mid-grasses in Wyoming. The slTort grasses yielded 
more dry matter with frequent clipping, compared to one clipping at the 
end of the season, for the two years of the study. The mid-grasses 
yielded best from one clip per year, even in a one-year study. Generally, 
the greatest dry matter yield is produced with a single.harvesting com­
pared to frequent clipping (2, 4, 8, 12, 16, 28, 32, 50, 55, 90, and 98). 
Clipping may also encourage the spread of a grass by rhizomes or stolons 
(10 and 34), but frequent and extended clipping results in a decline in 
density of a species (4 and 63). 
The use of dry matter yield to evaluate responses to clipping 
treatments does not give a complete picture, Leukel and Bamette (52) 
7 
found that the green weight herbage production of Bahia grass (Paspalum 
notaturn Flugge) in Florida was greatest for frequently clipped plants, 
but dry weight production was not greatly different among treatmdits. The 
nitrogen yield was greater with frequent clipping. Other authors (2, 20, 
and 26) have shown thé protein yield in herbage to be higher for frequent­
ly harvested grass compared to grass harvested once per year, even though 
dry weight yield decreased with frequent harvesting. Weinmann (98) found 
the greatest nitrogen, phosphorus, and potassium yields in the forage of 
some South African grasses when these were cut at 2-month intervals. A 
study with Phalaris tuberosa in Australia (74) revealed that five clippings 
reduced dry herbage yield 54% and roots 78%, but trippled protein yield 
con^ared to one harvest. 
Many researchers have shown the percentage of nitrogen or protein in 
herbage to decrease with maturity (16, 19, 26, 74, 81, and 94). Only when 
frequent clipping is severe enough to reduce the vigor of the plant so 
that little new growth occurs, would nitrogen yield be decreased by 
several clippings compared to one at the end of the growing season. 
The influence of clipping height on herbage yield often has been 
studied along with frequency of clipping. Graber (29) found that close 
(%-inch height) and frequent clipping of Kentucky bluegrass (Poa pratensis 
L.) resulted in greater forage yield the first year tlian clipping at a 
1%-inch height, but close cutting resulted in less density, more weeds, 
and less production the second year. Fertilization with nitrogen narrowed 
the difference. Canfield (15) clipped black grama (Bouteloua eriopoda 
[ïorr.] Tprr.) and tobosa grass (Hilaria mutlca FBuckl.1 Benth.) at 
several heights and frequencies for an eleven-year period. Black grama 
was killed by all clipping treatments, but only close clipping at 1- to 
2-week intervals was detrimental to tobosa grass. 
Stoddart (83) and Blaisdell, and Pechanec (9) studied the influence 
of seasonal herbage removal on bluebunch wheatgrass (Agropvron spicatum 
[Pursh.] Scribn. and SmitlO*^ Vigor in the years following clipping was 
greatest when the grass was clipped early in the spring or only in the 
fall. The greatest decrease in vigor of this wheatgrass resulted from 
clipping about the time of early head, when there was no opportunity for 
regrowth following the clipping. Leaf height was not a good index of 
plant vigor (9), but number of flower stalks and herbage yield (9) and 
number of stems (83) were good indexes of vigor. Hedrick (37) reported 
that 25% to 50% utilization in August reduced herbage production of tall 
fescue (Festuca arundinacea Schreb.) the following April by one-half, 
compared to areas unused or lightly grazed. Peterson (72) found that mod­
erate, continuous grazing of uninçroved Kentucky bluegrass pasture in Iowa 
resulted in higher herbage production, higher animal gains, and less weed 
invasion than heavy early and late grazing with a rest in the summer. 
Chi 1COte (16) obtained the highest yields from crested wheatgrass 
(Agropvron desertorum [pisch.] Schult.)* when clipped at dough stage, but 
Cook, Stoddart, and Kinsinger (20) found ..."late clipping produced more 
forage the first 2 years than early clipping. However, during the last 3 
years of treatments, plants clipped during late season declined in pro-
® Most early U. S. authors referred to this species as Agropvron 
cristaturn (L.) Gaertn., and often it is not clear whether the species 
in question is 4* desertorum or A. cristatum. 
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duction more rapidly and were producing less forage at the end of the 
ejqjeriment than the early clipped plants." 
Clipping may not be the dominant factor controlling herbage yield. 
Response to clipping depends on levels of other factors such as fertil­
ity, moisture, and temperature. Ahlgren (1) and Mortimer and Ahlgren 
(62), with studies of Kentucky bluegrass, found moisture, fertilizer, 
and cutting treatments in this order to influence herbage productivity. 
There was no significant interaction between fertilizer and cutting 
treatment. Lowom (55), however, found frequent cuttings were usually 
more effective in causing reductions in herbage yields at the high fer­
tility level. Top yields with frequent cutting were less at high tenç>er-
atures and long days than at high tençeratures and short days. Cook, 
Stoddart, and Kinsinger (20) found that the rate of herbage growth of 
crested wheatgrass was increased more by additional water as the intensity 
and frequency of clipping increased. Water did not significantly increase 
fall regrowth if the plants were cut only in the early spring. 
The reduced herbage yield associated with continued, frequent clip­
ping is closely related to an even greater reduction in root yields in 
clipped plants. Parker and Sang)son (68 and 69) grew purple needlegrass 
(Stiua puichra Hitchc.) and soft chess (Bronais hordeaceous L. [probably 
g,. mollis L.]) in water cultures. They conç>ared frequent clipping (15-
day intervals) with a single clipping. Clipping of tops resulted in an 
immediate cessation of root growth which lasted nearly 15 days for the 
needlegrass. Roots began growth 8 days after clipping the bromegrass. 
Clipping reduced the diameter of the roots and the stele, and the number 
and size of the :q^lem cells in both species. 
ducClon more rapidly and were producing less forage at-the end of the 
experiment than the early clipped plants." 
Clipping may not be the dominant factor controlling herbage yield. 
Remponsm to eliding depends on levels of other factors such as fertil­
ity» moisture, and temperature. Ahlgren (1) and Mortimer and Ahlgren 
(62), with studies of Kentucky bluegrass, found moisture, fertilizer, 
- f 
end cutting treatments in this order to influence herbage productivity. 
There was no significant interaction between fertilizer and cutting 
treatment. Lowom (55), however, found frequent cuttings were usually 
sore effective in causing reductions in herbage yields at the high fer­
tility level. Top yields with frequent cutting were less at high tenqper-
atures and long days than at high temperatures and short days. Cook, 
Stoddart, and Kinsinger (20) found that the rate of herbage growth of 
crested frtieatgrass was Increased more by additional water as the intensity 
and frequency of clipping increased. Water did not significantly Increase 
fall regrowth if the plants were cut only in the early spring. 
The reduced herbage yield associated with continued, frequent clip­
ping is closely related to an even greater reduction in root yields In 
clipped plants. Parker and Sanpson (68 and 69) grew purple needlegrass 
(Stina aulchra Hitchc.) and soft chess (Promus hordeaceous L. [probably 
JBL* "Bills 1.]) in water cultures. They conpared frequent clipping (15-
day intervals) with a single clipping. Clipping of tops resulted in an 
immediate cessation of root growth which lasted nearly 15 days for the 
needlegrass. Roots began growth 8 days after clipping the bromegrass. 
Clipping reduced the diameter of the roots and the stele, and the number 
and sise of the xylem cells in both species. 
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Crider (21) published data in 1955 illustrating the influence of 
varying percentages of herbage ren»val on root growth of several species 
of grass. Removal of over half the foliage during the growing season 
stopped root growth on all species, except the first clipping of orchard 
t 
grass. Growth usually stoppped within 24 hours after the clip and was not 
resumed for 6 to 18 days, depending on the species. Root growth stoppage 
did not occur when 40% or less of the herbage was removed. Crider also 
found that portions of bunchgrasses acted Individually—the roots on clip­
ped stems stopped growth but not those on undipped stems. 
Root growth also stops or at least is reduced during periods of 
active herbage growth. Hyder and Sneva (40) observed that root elongation 
of crested wheatgrass was greatest in late April and early May and was 
reduced in May as herbage growth increased. Root growth appeared to 
terminate about Jtme 1st. Herbage removal on i^ril 21, 1959 (boot stage 
occurred May 20-25th) depressed root growth for about 20 days. Clipping 
after May 6th did not decrease root growth because growth had previously 
been completed. Other research (20), however, showed that with a single 
annual clipping, the greatest root yields after several years of treatments 
were for plants clipped early in the season. The later the clipping up to 
June 15th, the greater the reduction in root yield. 
Brown (13) found Kentucky bluegrass root growth in Missouri to be 
most rapid during the first autumn and winter after fall seeding. During 
his study, most rhizome and root development was in the spring and fall, 
fbr three pasture grasses in New Zealand, Italian ryegrass (Lolium 
nMltiflorum Lam.), perennial ryegrass (Lolium perenne L.), and tall fescue, 
Jacques and Schwass (42) found that the greatest number of new roots 
11 
developed in June, July, and August (winter in New Zealand) when soil 
tenteratures at the 4-inch depth were bet'Ween 4Q and SO F. Spring herbage 
growth became pronounced in'September and fall growth commenced in April. 
Root replacement was low at these times. No workers have reported both 
maximum root and shoot growth to occur simultaneously (87). 
Loomis (53) observed that normally developing com made very little 
root growth after the embryos started to develop; but when ear develop­
ment was prevented, root systems continued to grow. He attributed this 
difference to the dominating translocation of carbohydrates to the ear 
when it is present and developing. Possibly, actively growing leaves and 
shoots dominate carbohydrate translocation to the extent that root growth 
is slowed or stopped vdien active herbage growth is taking place. Jacques 
and Schwass (42) found that the percentage dry matter in the roots in­
creased from fall to spring in New Zealand. New roots developed in the 
winter and these accumulated dry matter with maturation and differentia­
tion as herbage matured in late spring. 
Weaver and Zink (97) studied root longevity in the greenhouse and 
field by banding selected roots. They clipped crested wheatgrass and 
smooth bromegrass (Bromus inermis Leyss.) seedlings to 2-inch height at 
10-day intervals and found a mortality of 15% for bromegrass roots and 
73% for crested lAeatgrass roots. Five clippings of big bluestem 
(AndroDQgon gerardi Vitman) resulted in 45% root mortality conq)ared to 
3% for control. Clipping, therefore, reduced the longevity of roots as 
well as their growth. 
Weaver (95) con^ared root development in response to three grazing 
intensities in a Nebraska pasture, Bowns and Box (10) studied grazed and 
12 
ungrazed seacoast bluestem CAndropoeon scoparius var. littoralis [Nash] 
Hitcho.) in Texas, and Hanson and Stoddart (30) studied bunch lAeatgrass 
(Agropvyon inenne [Scribn. and Smith] Rydb.) in Utah. The volume of roots 
and^depth of rooting decreased with grazing. Schuster (79) observed that 
^ ' 
moderate grazing (30 to 40% of herbage.removal during the growing season) 
V • J 
over 17 years on a Colorado mountain range did not reduce depth of root 
penetration of desirable grasses cong)ared to ungrazed plants, but heavy 
grazing did reduce root pénétrâtionBoth moderate and heavy grazing re­
duced lateral spread and weight of the roots of the desirable grasses. 
One must be careful not to conclude that the depth of root penetra­
tion under heavily utilized pasture is the result of clipping alone. It 
may be due in part to increased soil tesçerature and to decreased moisture 
penetration resulting from cong)action of the soil and decreased litter on 
heavily utilized pastures. 
Chilbote (16) observed that height of clipping influenced the number 
of roots of crested %heatgrass the second year of treatments, but roots 
were not decreased more at lower than at upper depths. He concluded that 
the amount of rooting at different depths appeared to be a function of the 
available moisture. Hase (34) reported that root systems of some pasture 
grasses in Kansas were reduced by clipping alone, but more by clipping 
plus weed competition. 
Cook, Stoddart, and Kinsinger (20) observed crested wheatgrass plants 
to yield greater quantities of roots lAen watered, excqpt when clipped at 
the 3-inch height. Root yield was uninfluenced by height of clipping or 
by water if cut frequently until lata in the season. In a study of 
Kentucky bluegrass in Missouri, Brown (13) found that summer irrigation 
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accelerated the decomposition of dead roots, resulted in reduced carbo­
hydrate reserves of rhizomes, increased rhizome mortality, and encouraged 
invasion of the grass stand by weedy summer annuals. 
Biswell and Weaver (8) studied root and top growth of seven prai^^ 
species in Nebraska. Frequent clipping (14-day intervals) reduced herbage 
yield; stopped rhizome growth; reduced root length, volume weight, and 
diameter, and made roots more susceptible to winter injury. Many other 
studies have shown that root yields are decreased with closer or increased 
frequency of clipping (4, 12, 28, 32, 33, 45, 50, 52, 77, and 90). 
Loworn (55) observed that frequency of clipping was the greatest factor 
influencing root growth. This influence was greatest at higher tenpera-
tures. Day length had little influence on root growth. 
The influence which clipping has on root development co^ared to 
herbage yield is shown by ratios calculated by Robertson (75) and Branson 
(12). Robertson studied the influence of frequent clipping on seedlings 
of several grasses. The grasses, after four clippings, were con^ared to 
controls for ratios. Growth of both tops and roots decreased with clip­
ping, but roots decreased most. Junegrass (Koeleria cristata Fl.l Pers.) 
was the least influenced and had a ratio of dry weight of roots under 
clipped to undipped of 1:3. Smooth bromegrass had a ratio of 1:51. 
Other species fell between these extremes. Branson also found that clip­
ping reduced both herbage and root yield, but root yield most, for several 
western range grasses. As an exangile, he found in bluebunch wheatgrass 
that root production of the control plants was over 100 times greater than 
that of clipped plants; but herbage production was only a little over 
twice as great in the control plants. These data were from a 14-week 
14 
greenhouse study in which blocks of sod had been transplanted to boxes 
for the study. 
The ratio of tops to roots may also be influenced by fertilization 
and soil moisture. Harris (31) grew wheat plants in a soil extract, com­
pared to this extract diluted 1 to 4, The ratio of tops to roots was 
always greater in the concentrated extract. Fertilizers added to soil 
also reduced relative root growth of wheat, and wheat grown in sand with 
moisture levels of 11 to 38% showed best root development at 11 to 15% 
moisture and best top growth at about 30% moisture. Maisture at early 
stages of growth had the greatest influence on ratios. Benedict and 
Brown (7) found that lack of nitrogen for a period reduced plant growth 
but favored root growth over top growth. When ratios are used, one mist 
keep in mind that these are ratios and not absolute amounts. Fertiliza­
tion may increase the growth of both roots and tops of plants, even though 
a ratio may show relatively less root growth. Fertilization may decrease 
the reduction in herbage yield attributed to frequent clipping the year 
before (28). ^ 
Diterest in the carbohydrate reserves of forage plwts developed in 
the late 1920*s and early 1930*s. In a publication in 1929, Graber (27) 
concluded that low food reserves in pasture grasses were the cause of 
the reduced numbers of roots and rhizomes of Kentucky bluegrass, which 
allowed weeds to invade and white grubs to damage pastures in Wisconsin. 
He presented no analyses of reserves in this publication. In 1931 he 
eiqpressed the view that heavy grazing lowered food reserves and limited 
growth of grasses (28). In this publication, he defined food reserves ... 
15 
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"in a general way as those organic coiq>otmds which are synthesized and 
maintained in forms capable of being subsequently utilized by the plant 
in the performance of its functions." He discussed the decline of 
J 
carbohydrates with fertilization as due to increased top growth—If tops 
were frequently removed without allowing for carbohydrate build-up. He 
conducted clipping studies and reported on herbage production and root 
weights as influenced by clipping, but discussed "high" and "low" levels 
of carbohydrates, without presenting analyses. 
In 1931 De Cugnac (22) reported analyses of a number of grasses and 
classified these according to the distribution of starch, sucrose, and 
fructosans in their foliage. He divided the grass family into two definite 
physiological groups: 
1. The "Saccharifères," mostly plants of hot regions, never form 
levulosides (fructosans) in their tissues but contain sucrose, reducing 
sugars, and starch. He subdivided this group into the "Strict Saccari-
feres" and the "Saccharo-amylifires." Plants of the first, subgroup 
contained little or no starch in their cauline parts. His representative 
genera included: Zea. Saccharum. Sorghum, and Orvza. He also analyzed a 
species of bamboo and placed it in this subgroup. The organs of the 
second subgroup were rich in starch. De Cugnac found representatives in 
the following genera: Arundo. Brachvpodium. Cvnodon. and Soartina. 
2. The "Levuliferes," mostly plants of northern regions, were 
characterized by the presence of levulosides in some of their organs or 
at certain stages in their development. Starch formed only in the grain 
where it coexisted with the levulosides. He also, but taitatively, sub­
divided this group into two subgroups. One subgroup included plants ^x>se 
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levulosldes were hydrolyzable by sucrase (he recognized the possibility 
that his sucrase may have contained another enzyme which vas responsible 
for the hydrolysis). Representative genera were: Baldingera» Phi em. 
Alopecurus. Agrostls. Calamagrostis. Psamma. Arrhenatherum. Trisetum. 
Dactvlls. Bronais. and Festuca. The other subgroup, whose principal 
SX ' 
levulosldes were not hydrolyzable by sucrase, included Agroovron. Hordeum. 
and ..."probably Lolium." 
Since De Cugnac*s studies, numerous workers have verified that the 
carbohydrates of grasses are variable by species. Barr (6) found storage 
in maize (Zea mays L.) vegetative portions to be sucrose and two dextrin­
like fractions. Chilcote (16) and Cook, Stoddart, and Kinsinger (20) 
recognized that starch was not present in roots of crested wheatgrass, and 
Thaine and Heinrichs (90) found no starch in the roots of Russian wildrye 
(Elvmus lunceus Fisch.). Several authors have reported high fructosan 
content in ryegrass (66, 93, and 105) and orchard grass (Dactvlis glomerata 
L.) (66, 88, and 93). Julander (47) reported the iodine test for starch 
was negative for tissue of bluestem or western wheatgrass and bluebunch 
wheatgrass (Agropvron spicatum [pursh] Scribn.), but fructosan tests were 
negative for roots of Bermuda grass (Cvnodon dactvlon [l.] Pers.) and 
buffalo grass (Buchloe dactvloides [nutt.] Engelm.). 
ÙI 1947 Weinmann (99) stated: "là most ordinary, higher green plants 
the bulk of available carbohydrate is conposed of sugars, fructosans, 
dextrin, and starch, whereas hemicelluloses and true cellulose act merely 
as structural materials and as such cannot further be utilized in the same 
way as the former." Most data in the literature support this statement. 
Sullivan and Sprague (87), studying perennial ryegrass, and Chilcote (16), 
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studying crested wheatgrass, found the water-soluble carbohydrates such 
as glucose, fructose, sucrose, and fructosans to be very nearly depleted 
with etiolation. Clipping also reduced these carbohydrates. Starch and 
dextrin also were depleted with clipping (4 and 73). deducing sugars may 
not show a definite decline with increased clipping (7 and 73). Numerous 
workers have found the hemicellulose fraction—a highly variable fraction 
but essentially the fraction of acid-hydrolyzable material from the 
residue after the water-soluble and starch fractions have been removed— 
to be little used or not used as a reserve food (3, 7, 13, 16, 30, 58, 65, 
73, and 88). Kinsinger's (49) data showed an inverse proportion between 
hemicellulose and the more readily available carbohydrates, but this may 
be because his values were reported as a percentage of dry weight. As the 
reserves decreased, the percentage hemicellulose remaining would show as 
a higher percentage without any actual change in the absolute amount. 
Loomis and Shull (54) considered the "hemi-reserve polysaccharides" to be 
reserve foods under starvation conditions. 
McCarty's thesis study on the food relationships of western wheat-
grass was dated 1927. He quoted this study in a paper published in 1935 
(56) when he reported on the "seasonal march of carbohydrates" in wild-rye 
(Elvmus ambiguus Vasey and Scribn.) and a Muhlenbergla species which he 
listed as Muhlenbergia gracilis. This species was probably (Muhlenbergia 
montana [Nutt.] Hitchç.). He also published studies on carbohydrate 
reserves of other range plants (56, 58, and 78). Carbohydrates in the 
underground parts of the range plants he studied varied inversely with 
herbage growth; storage occurred toward the end of the growth cycle. 
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Kinsinger and Hopkins (49), working in Kansas, found underground 
reserves of undipped big bluestem to be lowest at the end of July when 
summer growth began, increased until late August, decreased while flower 
stalks were forming and then increased in October* The highest reserves 
were observed in January. For an undipped blue grama and buffalo grass 
mixture, total, readily available carbohydrates in the underground parts 
were low in early May when growth was rapid and in late July and August 
during flowering and seeding. Highest values were in January. Aldous 
(3) found similar carbohydrate trends in the roots of little bluestem 
(Andropogon scooarius Michx.). 
^Ilvanie (60) reported in 1942 on studies of bluebunch wheatgrass. 
During vegetative development the total carbohydrates reached the lowest \ 
level in roots and stem bases. At the flower-stalk to full-head stage, 
total carbohydrates in roots increased to about 60% of the final total of 
3.11% total carbohydrates on a dry-weight bas^, which occurred at seed 
maturity to early yellowing. (This value seems very low for a maximum level.) 
With fall curing and secondary growth, the reserve polysaccharides decreased 
in the roots and herbage. 
Chilcote (16) expressed his results with crested wheatgrass in 
milligrams of carbohydrates per 100 grams of green weight. Root analyses 
of dryland plants showed that total sugars increased from spring to Novem­
ber, with a tengwrary decrease at dough stage and during fall regrowth. 
Irrigated plants showed a rapid increase in total sugars between Septem­
ber and December. Water-soluble polysaccharides generally followed the 
same trends as total sugars, reported above. Brown (13), for Kentucky 
bluegrass, found that accumulation of "starch" and sugar in roots and 
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rhizomes occurred in late fall. These carbohydrates remained constant on 
a percentage basis in the spring and fell in the summer on irrigated plots 
but held up on dry plots. 
Hyder and Sneva (39) found that deheading by cutting culms at the 
base of the heads scon after emergence from the boot did not prevent the 
1 characteristic decline in root carbohydrates of crested wheatgtass at 
flowering time. Total water-soluble carbohydrate values, expressed as 
percent glucoëe equivalent on a dry-weight basis, were about 20% in early 
spring and 30% in August. These aiuthors eiiq>hasized the early accumulation 
Of reserves conçared to that reported by many other workers with other 
grasses. Hyder and Sneva (41) also studied the seasonal variation of 
carbohydrates in the stem bases of six cool-season grasses, including 
crested wheatgrass. They reported uniform values of 2 to 4% total water-
soluble carbohydrates on a dry-weight basis in the stem bases of all six 
species in the spring. Levels increased in the summer to between 8 and 
18%, depending on species, and then dropped to between 4 and 7% with fall 
regrowth. 
To summarize the trends of carbohydrate reserves of the underground 
portions of grasses, thmi, the low levels occur concurrently with active 
growth following dormancy. Some species such as crested wheatgrass begin 
replacement of these reserves early in their growth and others later. 
Some reserve depletion is usually associated with seed production and 
with any secondary growth such as fall growth of cool-season grasses 
following summer dormancy. The reserve level seems to be very closely 
correlated with the phenological development of the grass. 
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Reserve carbohydrate levels are also reduced concomitantly with new 
growth following clipping or g azing. The closer or more frequent the 
herbage removal the greater the reserve decrease (1, 2, 3, 4, 13, 14, 16, 
20, 30, 39, 40, 45, 47, 48, 56, 58, 60, 61, 73, 78, 87, 88, and 90). For 
a single, annual clipping, the end of the season reserves were reduced more 
as the date of cut approached the end. of the growing season (16, 20, 40, 
56, and 58). Clipping early in growth stages, and allowing for regrowth, 
has not greatly reduced the end of the season reserves (16, 20, and 40). 
These data reflect the close correlation between stage of growth and root 
reserve levels. Chilcote (16), however, found crested wheatgrass to ac­
cumulate reserve carbohydrates very rapidly from a small leaf area under 
cool, late fall ten^eratures and short days. He stated that this"accumu­
lation was not due to physiological maturity. 
Root carbohydrate levels may not reflect differences due to clipping 
treatments if saiqpled during the most active growth phase of the plant. 
Bukey and Weaver (14) clipped little bluestem and big bluestem and com­
pared clipped plants to a control during 3 years of treatments, 1933 to 
1935. The highest reserves were recorded in ^ ril and June and the lowest 
in October and July. Reserves in the roots and stem bases were lower for 
clipped grass than for controls on April 4, 1934, prior to summer growth, 
but by June 16, 1934, when summer growth was active, there was little 
difference in reserve levels in clipped and control grass. There was also 
little difference in reserve levels between clipped and undipped big 
bluestem in July 1935, but reserves of little bluestem were lower for 
clipped plants on this date. Pierre and Bertram in 1929 (73) clipped kudzu 
21 
and reported on root reserves. Six cuttings per year reduced starch and 
increased sugar in the roots. There vas not much difference among reserves 
in roots dug after the second year*s growth of plants clipped 1, 2, or 4 
times a year. 
The prevailing tenperatures vhen clipping, may also influence the 
relationship of reserves in treated and control plants. Kendall (48) 
showed that carbohydrate reserves of red clover (Trifolium pratense L.) 
roots, amount of roots, and herbage yield decreased more with higher (95/ 
80 F, day/night) teiiq>eratures compared to cooler (75/60 F) teiqperatures. 
Sullivan and Sprague (88) found that both cutting, and applications of 
nitrogen stimulated top growth of orchard grass, with the utilization of 
reserve carbohydrates. Carbohydrate content of rhizomes of Kentucky blue-
grass was also greater for nonfertilized than for fertilized plants (1). 
Benedict and Brown (7) studied western wheatgrass and blue grama. They 
found that sucrose increased in percentage of both roots and tops with a 
lack of nitrogen. Sucrose and starch decreased (on a percentage and 
milligram per unit weight basis) when nitrogen was added to deficient 
soils. 
Some workers have reported high reserves with drought (13, 16, and 
47), With low soil moisture, reserves would not be utilized for root 
growth or new shoot development. Wbodhams and Kbzlowski (104) found that 
sugars and starch in tomato and bean plants were less in roots, stems, and 
leaves when subjected to dry soil approaching permanent wilting compared 
to plants held at the moisture equivalent. 
Carbohydrate reserves serve as the source of stored energy for plant 
functions as well as the material used in building tissues and congwunds 
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within the plant; the carbohydrate level, therefore, influences many plant 
responses. Some of these have been reported in the literature. Sullivan 
and Sprague (88) reported on a study of orchard grass which showed that 
the recovery of clipped plants for the first four days in the dark was 
about the same as in the light. Reserves for this period of growth were 
in the plant, and a plant with inadequate reserves for this initial growth 
did not survive, ^ran, Sprague, and Sullivan (61) studied ladino clover 
(Trifolltm repens L. ) and found that 1high-reserve plants produced more 
leaves than low-reserve plants. A coimnon response of clipped plants is 
the development of fewer stems and leaves the year after clipping (9 and 83). 
The carbohydrate levels may have influenced the differentiation as well as 
growth of root and stem buds. 
Julander (47) studied several grasses for heat and drought resist­
ance. Sucrose and levulosans of bluebunch wheatgrass and bluebunch fescue 
(Festuca idahoensis Elmer.) increased during drought. Reducing sugars, 
sucrose, and glucosans Increased during drought in Bermuda grass and buf­
falo grass. Clipping reduced these reserve levels, and clipped plants 
were less heat resistant. He concluded that accumulation of food re­
serves was essential to heat resistance. 
The chemical content of the herbage of many range and pasture 
grasses has been studied and reported in the literature. Cook, Stoddart, 
and Harris (19) reported the chemical content of the herbage of inter­
mediate wheatgrass, entire plant to crown level, expressed as a 
percentage of dry weight. At the third leaf stage of growth, total 
protein was 17.37% but decreased to 6.68% by anthesis stage of develop­
ment. Carbohydrates, other than cellulose and lignin. Increased from 
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34.73% ac the third leaf stage to 37.49% at anthesis. Sotola (81) 
studied crested wheatgrass and reported results similar to those above. 
Crude protein on a dry-weight basis decreased from May to September. 
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Crude fiber and nitrogen-free extract increased as the season advanced; 
phosphorus decreased gradually. These trends are substantiated for 
other species by other authors (74 and 83). The decrease in percent 
protein and phosphorus on a dry-weight basis in plant herbage with 
maturity is mostly the result of carbohydrate accumulation increasing 
the dry weight as herbage matures. Chilcote (16) described the seasonal 
trends of carbohydrates by fractions in tops of crested wheatgrass ex­
pressed as milligrams per unit of fresh weight* Reducing sugars and 
sucrose decreased from winter to shoot growth, increased through dough 
stage, dropped at seed-ripe, increased at dormancy, and fell off again 
when checked in the winter. Polysaccharide trends were similar but did 
not drop at the seed-ripe stage. Acid-^hydrolyzable polysaccharides 
showed the greatest drop from December to March. Insoluble nitrogen 
decreased from shoot to anthesis, then did not change greatly. Soluble 
nitrogen decreased from shoot to dough stage, increased to dormancy, and 
decreased again by winter. McCarty and Price (58) reported that the 
sugar and "starch" content of the herbage of grasses tended to in­
crease on a percentage basis toward fall, with a little drop in late 
fall. 
Cook and Harris (17) found that growing conditions under aspen 
-
conpared to sagebrush sites altered the stage of growth and leaf-stem 
ratio of plants and contributed greatly to difference in chemical content. 
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The grazing tolerance of a grass species is the combination of 
several characteristics. Some of these have been discussed in the 
literature. Neiland and Curtis (63) attributed the grazing tolerance 
of plant species to their relative loss of photosynthetic material with 
different grazing intensities and their capacity for shoot formation. 
They gave big bluestem as an example of a plant very susceptible to 
damage because it is Inflexible in number of shoots or dormant buds 
produced in a season. Rahn and Kenç (50) showed that a short strain 
of Kentucky bluegrass produced more roots, rhizomes, and tops with 1-
and 1%-inch clipping heights than a taller strain. Graber (28) ob­
served that tall, erect plants lost more photosynthetic tissue from 
clipping or grazing than plants with many sl^rt basal stems or leaves. 
Branson (11) studied eight grasses in central Nebraska. He found 
that plants in which the growing points reached a height that permitted 
removal by grazing and species with a high ratio of flower stalks to 
vegetative stems were plants which decreased with heavy grazing. Cook 
and Stoddart (18) reported on the growth and meristematic activity of 
crested wheatgrass with clipping at different stages of growth and at 
different heights. Hyder and Sneva (40) attributed the high grazing 
tolerance of crested wheatgrass to "...early root-growth activity, 
early accumulation of leaf tissue, and early accumulation of carbo­
hydrates in the underground parts." 
The grazing tolerance of a forage plant may be determined by a 
combination of factors, and it is difficult to predict the response 
of a particular species to grazing without specific information on 
characteristics of the species. Species characteristics and habitat 
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differences account for much of the variability of research results 
reported in the literature. Projecting information from one species to 
another may be very misleading. The influence of clipping has been 
investigated for a number of vheatgrass species, but no data have been 
reported for intermediate vheatgrass. 
It also is difficult to reconcile some of the data available for 
vheatgrass. For instance, Hyder and Sneva (40) found root growth of 
crested wheatgrass occurred in early spring and clipping about boot 
stage of growth did not reduce root growth or reserves. Yet, Cook, 
Stoddart, and Kinsinger (20) found later spring clipping most detri-
maital to the plant over several years. Stoddart (83) found late 
clipping of Aggropvron spicatum more detrimitai than early clipping. 
The current study was made to determine some characteristics of 
intermediate wheatgrass, particularly the response of carbohydrate 
reserve levels, as influenced by clipping and irrigation treatments. 
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MTERIALS AND METHODS 
Preliminary Studies ai^d General Methods 
Collection and preparation of samples 
Field sangles consisted of a 6-inch cube of intermediate vheatgrass 
sod lifted with a trenching shovel (figure 1). A single, random sanple 
was collected in the field for each treatment replication. Herbage on 
each sangle was clipped to one inch and weighed prior to placing the 
sods in soil screens (figure 2) and washing the soil from the roots and 
stem bases. After most of the soil was removed, samples were taken into 
the laboratory where they were divided into smaller segments, and addi­
tional soil and dead plant material were washed from the sangle. Boots 
and stem bases were separated (figure 3), and the saoules blotted with 
paper towels to remove excess moisture. Samples were placed in screen 
baskets (figure 4), weighed to obtain a wet weight, and killed. 
Killing methods 
One of the first undertakings of this study was to compare the 
influence of two killing and two extraction methods on the yield of 
reducing sugars and sucrose from intermediate wheatgrass roots, stem 
bases (including rhizomes), and herbage, fbr this cosçarison, four 
field sangles of intermediate wheatgrass were collected in January of 
1960. Two sangles each of roots, stem bases, and herbage were killed 
in hot, 95% ethyl alcohol; and two sas^les of each part were killed in 
an oven at 96 C for two hours. Duplicate sangles of each part killed 
in boiling alcohol and one sangle of each part lAich was killed in the 
oven were extracted with 80% ethyl alcohol for 24 hours in a Soxhlet 
apparatus. 
Figure 2. Intermediate wheatgrass saisçl® with leaves removed to i-inch 
stubble height and soil partially washed from roots and stem 
bases 
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Figure 3. Roots and stem bases were separated for future analyses 
Figure 4. Screen basket utilized for killing and drying plant material 
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The average yield of reducing sugars for intermediate wheatgrass 
roots, stem bases, and herbage when killed in boiling ethanol and 
extracted in a Soxhlet apparatus for 24 hrs was 7.1 mg. of glucose 
equivalent per gram of fresh weight of plant tissue. The average yield 
when plant parts were killed in.an oven and extracted in a Soxhlet 
apparatus was 6.9 mg of glucsoe equivalent per gram of fresh weight 
(table 1). The significant mean square for the treatments displayed in 
table 1 can be accounted for by the high value of 9.3 mg for the third 
treatment which involved soak extraction (to be discussed later) rather 
than differences between the two means comparing differences in killing 
methods. Free reducing substances in intermediate wheatgrass tissue 
were not significantly different when tissue was killed in boiling 80% 
ethanol or in an oven at 96 C. The interaction term for plant part and 
treatment was not significant and indicated that the killing and ex­
traction methods had similar effects on roots, stem bases, and herbage. 
The average analyses for sucrose were 8.4 mg of glucose equivalent 
per gram of fresh weight for killing in boiling ethanol and Soxhlet 
extraction and 9.4 mg for killing in an oven and Soxhlet extraction 
(table 2). These treatment means were not significantly different and 
indicated similar sucrose yields when killejl in an oven at 96 C or in 
boiling ethanol. The small mean square for determinations (table 2) 
indicated close agreement among determinations on the same sample, and 
this was an inefficient way to reduce the error mean square. 
A study also was conducted to determine the yields of total water-
soluble carbohydrates when roots were killed in cold ethanol (absolute) 
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Table 1. Cougarison of two killing methods and two sugar extraction methods 
for reducing sugar analyses of intermediate wheatgrass tissue 
Killing Extraction Sample Stem 
treatment method number Roots bases Herbage Means 
(Mg glucose equivalent per gram 
fresh weight) 
Boiling ethanol Soxhlet la 
b 
6^3 
6.3 
6.7 
6.8 
8.0 
7.9 
2a 
b 
5.3 
hA 
7.4 
U. 
8.6 
8^ 
Means 5.8 7.1 8.3 7.1 
Oven killing 
96 C 
Soxhlet la 
b 
5.4 
5^2 
7.6 
8^0 
7.6 
1»6 
Means 5.3 7.8 7.6 6.9 
Oven killing 
96 C 
Soaking in 
80% ethanol 
la 
b 
8.0 
8<0 
10.0 9.4 
10^ 
Means 8.0 10.1 9J. 9.3 
Means 6.2 8.0 8.5 7.6 
Analysis of variance for data shown above: 
Source of variation Degrees of freedom Mean squares 
Plant part 2 11.30* 
Treatment 2 11.40* 
Plant part X treatment 4 .65 
£3q>erimental error 3 .64 
Determinations 12. .028 
"Dotal 23 
* Significant at 5% level 
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Table 2. Conçarison of t^o killing methods and two sugar extraction methods 
for sucrose analyses of intermediate wheatgrass tissue 
Killing 
treatment 
Extraction 
method 
Sample 
number Roots 
Stem 
bases Herbage Means 
(Mg glucose equivalent per gram 
fresh weight) 
Boiling ethanol Soxhlet la 
b 
10.0 
11.4 
9.0 
8.8 
7.3 
7.0 . 
2a 
b 
11.8 
12,0 
6.0 
I tS  
5.6 
Means 11.3 7.4 6.4 8.4 
Oven killing 
96 C 
Soxhlet la 
b 
13.0 
MA 
8.4 
&2 
6.3 
6J3. 
Means 13.2 8.3 6.6 9.4 
Oven killing 
96 C 
Soaking in 
80% ethanol 
la 
b 
10.4 
9.5 
6.8 6.1 
Means 10^ 7.3 ÂIÂ U. 
Means 11.4- 7.6 6.2 8.4 
Analysis of variance for data shovn above: 
Source of variation Degrees of freedom 
Plant part 
Treatment 
Plant part X treatment 
E^qperimental error 
Determinations 
2 
2 
4 
3 
11 
Mean squares 
57.94* 
2.82 
1.78 
4.33 
.2^ 
Total 23 
* Significant at 5% level 
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or killed in an oven at 100 C. These data are reported in table 3 and 
show that these two methods of killing were not significantly different 
in their influence on the results of total water-soluble carbohydrate 
analyses. 
Although the conçarisons of killing methods were for only a small 
number of samples, the differences observed in carbohydrate yields by 
the killing methods tested were small enough to be of no major concern 
for conçjaring field treatments where variation among plants is great. 
Because the handling and storage of oven-killed sangles was much more 
convenient than for alcohol-killed samples, plant materials were killed 
in an oven during this study. 
Plant sangles to be killed were placed in a screen basket, weighed, 
and transferred to an oven at 100 C. Sangles were removed from the oven 
when thermometers in the individual baskets were near 100 C. This re­
quired from 1 to 2 hrs, depending on amount of material. After reaching 
100 C, sanples were removed from the oven until other samples in the 
current series were killed. At that time, they were returned to the 
oven and dried at 80 C. They were weighed, and the material stored in 
tightly stoppered bottles. They were later ground in a Wiley mill to 
pass a 60-mesh screen and transferred to small, amber bottles until 
analyzed. 
Sugar extraction methods 
In conjunction with the comparison of killing methods reported 
above, a comparison of Soxhlet and soak extraction was made. Three 
san^ples (one each of roots, stem bases, and herbage) were killed in 
an oven at 96 C, ground with a mortar and pestle, and placed in 250 ml 
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Table 3. Comparison of two killing metliods for analyses of intermediate 
\rtieatgrass roots for total water-soluble carbohydrates • 
Sanple Total water-soluble 
Treatment number carbohydrates 
(Mg glucose equivalent per gram 
fresh weight of roots) 
Cold ethanol (absolute) 1 68.74 
2 65.48 
3 72.08 
4 64.49 
Mean 67.70 
Oven killing 1 55.08 
2 58.12 
3 72.97 
4 77.56 
Mean 65.93 
Analysis of variance for data shown above: 
Source of variation Degrees of freedom Mean squares 
Treatment 1 6.24 
Exrror 6 66.50 
Total 7 
volumetric flasks. The volume of each flask was made to 250 ml with 
80% ethyl alcohol, and the sangles allowed to soak for one week. 
Âliquots of the alcohol extract were analyzed for reducing sugars and 
sucrose and were compared to yields of these sugars by Soxhlet ex­
traction. These data are displayed in tables 1 and 2. The mean 
reducing sugar yield of 9.3 mg glucose equivalent per gram of fresh 
weight of tissue was significantly higher when extracted by soaking 
than by Soxhlet extraction (table 1). The higher yields of reducing 
sugars for alcohol soaking were consistent for all three plant parts* 
Although thë mean sucrose yield of 7.7 mg of glucose equivalent (table 
2) was slightly lower for soak extraction than for the two treatments 
extracted by the Soxhlet apparatus, this difference was not significant. 
Thomas, Mel in, and Moore (91) reported a small loss of sugars (2%) 
if refluxed over night in a Soxhlet apparatus. Perhaps there was con­
siderable reducing sugar loss with the 24-hour extraction period 
utilized in this study. Another possibility is that some sucrose was 
hydrolyzed to reducing sugars during killing in the oven and extraction 
by soaking. This view is supported by the lower amount of sucrose 
yielded for the oven-killed and soak-extracted sauries coiq>ared to 
saaples killed in an oven but extracted in a Soxhlet apparatus (table 2). 
The mean yields for reducing sugar plus sucrose, expressed as 
glucose equivalent per gram of fresh weight, were 15.4 mg, 16.3 mg, and 
17.0 mg for alcohol-killed and Soxhlet-extracted, oven-killed and Soxhlet 
extracted, and oven-killed and soak-extracted sainples, respectively. An 
analysis of variance for total sugars showed that these means were not 
significantly different. 
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Soaking in 80% êthanol for extraction of sugars vas utilized for 
analyses reported in this dissertation. The en^hasis in later work in 
this study shifted to analyses for total water-soluble carbohydrates; 
and the higher quantity of reducing sugars for soak extraction con^ared 
to Soxhlet extraction, as indicated by the preliminary tests discussed 
above, was not investigated further. 
Clearing extracts , 
Fifty milliliter aïiquots of alcohol extract, containing free 
reducing sugars and sucrose, were pipetted into 100 ml beakers; and the 
alcohol evaporated in a boiling water bath. Distilled water was added 
as the extracts approached dryness. After the alcohol was removed, the 
sangles were cooled and five drops of saturated lead acetate solution 
added to each sample. The sanples were then filtered through a pre­
viously wetted filter paper into 50 ml of dipotassium phosphate solution. 
The beakers and filter papers were washed well, and the cleared solu­
tions made to volume. Â drop of toluene was added, and the flasks were 
stoppered and held in the refrigerator toitil the sangles were analyzed, 
A similar procedure was followed in clearing water extracts for 
polysaccharide and total water-soluble carbohydrate analyses, fbr these 
extracts, 25 ml aliquots of the water extract were pipetted into test 
tubes, hydrolyzed in a boiling water bath, pH adjusted to between 5 and 
6 with 10% sodium hydroxide solution, and five drops of lead acetate 
added. These leaded solutions were filtered into volumetric flasks 
containing dipotassium phosphate solution as above. 
Three combinations of clearing and hydrolysis treatments were 
applied to known glucose and fructose sauries determine if losses of 
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these sugars occurred with treatments. These data are displayed in 
table 4. No sugars were lost during the clearing process. Analyses 
showed slightly higher values of reducing substances after clearing. 
Hydrolysis with 1 + 100 concentration of HCl® for one-half hour in a 
boiling water bath without clearing also did not result in a loss of 
' either glucose or fructose. The third treatment shown in table 4 was 
to determine if sugars were lost when a lead hydroxide precipitate 
formed when lead acetate was added to hydro 1 y zed extracts made basic 
with sodium hydroxide. Results indicated both glucose and fructose 
were lost with this treatment. Samples must be maintained slightly 
on the acid side of neutral during clearing. This agrees with 
Sullivan's (85) recommendation. 
Sugar analyses 
Reducing sugars were determined by pipetting 5 ml aliquots of the 
cleared, alcotol extracts into 8-inch test tubes. Five milliliters of 
alkaline ferricyanide solution was added to each 3 ml of extract, and 
the solutions heated in a boiling water bath for 15 minutes plus or 
minus one second. The solutions were cooled quickly to room teiq>era-
tures in running tap water, and five milliliters of 5N sulfuric acid 
added to each sangle. Three drops of indicator (Setopaline C) were 
added just prior to titration of each sançle. Sangles were titrated 
with 0.01 N eerie sulfate solution until the green solution changed to 
® A concentration of 1 + 100 HCl is 1 ml of concentrated HCl added 
to 100 ml of solution. 
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Table 4. Coiq>arison of hydrolysis and clearing treatments on known glucose 
and fructose standards 
Amount recovered Amount in 
Sample after treatment sanple Difference 
Treatment Sugar number mg mg % 
Cleared known Glucose ^ 1 » 0.505 
sangle with lead 2 0,5%9 
acetate without 
prior hydrolysis Mean 0.512 0.500 + 2.4 
or added NaOH 
Fructose 1 0.519 
2 9,519 
Mean 0.|19 0.500 . + 3.8 
Hydrolyzed with Glucose 1 0.478 
1 + 100 HCl in 2 
boiling water 
bath for % hr— Mean 0.498 0.500 - 0.4 
neutralized with 
NaOH but not Fructose 1 ' 0.505 
cleared with 2 0,93% 
lead acetate 
Mean 0.518 0.500 + 3.6 
Hydrolyzed with Glucose 1 0.478 
1 + 100 HCl in 2 0,464 
boiling water 
bath for % hr— Mean 0.471 0.500 - 5.8 
made basic with 
NaOH and cleared Fructose 1 0.382 
with lead acetate— 2 0,4)19 
pH 7-8 after 
clearing Mean 0.396 0.500 - 20.8 
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a golden brown color. The titration had a very sharp end-point. This 
method was after Hassid (35 and 36). To obtain a glucose standard, 
known glucose samples were analyzed along with the unknowns. Sanple 
results were expressed as glucose equivalent per gram fresh weight of 
intermediate wheatgrass material. 
Sucrose was determined in the cleared extracts by inverting 5 ml 
aliquots of the cleared extract with invertase. The extracts were made 
acid by adding 3 drops of .01 N acetic acid. Two drops of enzyme were 
added, and the sangles allowed to stand overnight. Known samples of 
sucrose were inverted as a check on the congoleteness of inversion. 
After inversion, the samples were analyzed for total reducing substances 
as above, free reducing sugars in the sample subtracted, and the balance 
identified as sucrose expressed as glucose equivalent per gram fresh 
weight of plant material. 
Etiolation Study 
Introduction 
The objectives of this study were to determine which carbohydrates 
functioned as reserves, to select the best methods of analyses for these 
reserves, and to characterize the seasonal trend of the root carbohydrates 
in intermediate wheatgrass. To meet these objectives, four treatments of 
intermediate wheatgrass (check, clipped, early etiolated, and late etio­
lated) were studied during the summer of 1960. The treatments were 
applied in a randomized block design with three blocks. 
Treatments were begun June 28th after the pasture had been grazed 
earlier in the spring. At this time, the grass had regrown to early 
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head stage. Clipped plots were cut June 28th, August 9th, and September 
22nd. Early etiolated plots were covered June 28th, and the plants clip­
ped June 28th and August 9th. The late etiolated plots were covered 
August 11th and clipped August 11th and again on September 22nd. Check 
plots were undipped and not covered. 
The covering for etiolated treatments consisted of frames, triangu­
lar in cross section, which were covered with Sisal-kraft paper sprayed 
with silver paint. The frames were 16 in. high and 3 ft long. Tempera­
tures under the frames during the middle part of August were recorded at 
40 C to 43 C as daytime maxiinums and 12 C to 14 C as nighttime minimums. 
Irrigation dates for all plots were: July 6th, July 24th, August 
14th, September 4th, and September 28th. Precipitation during the period 
of this study was: June - 0.11, July - 0.54, August - 0.06, September -
1.17, and October - 1.56 inches. San^ling dates were: June 28th, August 
9th, September 22nd, and November 5th. 
Sugar and polysaccharide fractions 
Free reducing substances and sucrose were determined as previously 
described. The polysaccharide fraction in plants, however, is extremely 
variable and methods for extraction and hydrolysis must be adapted to 
each species studied. The iodine test for starch in the ground root of 
intermediate wheatgrass was negative. Methods of extraction, therefore, 
did not require that starch be considered but included the possibility of 
fructosans and the less complex glucosans. 
Extraction of polysaccharides from the alcohol residue was accom­
plished by pouring cold, distilled water over the ground sangle in a 40 ml 
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centrifuge tube and holding a boiling vater bath for 10 to 15 minutes. 
The boiling water bath maintained a ten^erature between 92 C and 93 C 
at Cedar City, Utah, which is at an elevation of 5800 feet. Temperatures 
of samples in the bath ranged from 84 C to 92 C after 10 to 15 minutes in 
the bath. Samples were centriftiged, and the extract decanted into 250 ml 
volumetric flasks. This was repeated five times. The residue was saved 
for hemicellulose analyses. 
Several methods of hydrolyzing the polysaccharide extracts werê->-
/ 
tested and are reported in the results section of this dissertation. 
Hemicellulose 
The hemicellulose analyses of intermediate wheatgrass roots and stem 
bases were obtained by hydrolyzing the residue of the polysaccharide 
extracts with a 1 + 20 concentration of HCl in an autoclave at 15 pounds 
pressure for one hour. The hydrolyzed extract was filtered into 250 ml 
volumetric flasks and made to volume. Twenty-five milliliter aliquots of 
this extract were neutralized and made to 100 ml volume for analyses for 
reducing substances as previously outlined. 
Total water-soluble carbohydrates 
One of the needs In studying the physiological responses of grasses 
to grazing is a quick analysis for the total carbohydrates which act as 
reserves! Preliminary analyses of intermediate wheatgrass roots and stem 
bases showed that reducing sugar trends were similar to the sucrose and 
polysaccharide fractions except that they did not decrease with fall 
growth as did the latter fractions. Reducing sugars also accounted only 
for a small portion of the total carbohydrates and there is no apparent 
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value in determining this fraction separately in grazing tolerance 
studies. 
Weinmann (99) suggested a method for determining total available 
carbohydrates in plants. This method involves heating the plant material 
in a boiling water bath Sor one-half hour to gelatinize starch, digesting 
with takadiastase during incubation, clearing, and hydrolyzing 15 ml 
aliquot s with 0.75 ml of 25% HCl for one-half hour in a boiling water 
bath. The iodine test for starch, however, was negative for ground root 
sanples of intermediate wheatgrass. 
Loomis and Shull (54) suggested extraction of levulosans (fructosans) 
by pouring boiling water over the sanple and allowing it to stand in a 
70 C water bath for 20 to 30 minutés. The sançle was centrifuged and the 
extract decanted into a volumetric flask. They suggested repeating this 
four or five times. This method seemed appropriate for analyses of total 
water-soluble carbohydrates of intermediate wheatgrass tissue, because 
evidence from literature (20, 22, and 47) indicates the polysaccharide 
reserves of Agropvron species to be mainly fructosans. 
Partridge (70) and Partridge and Westall (71) utilized paper 
chromatography to identify sugars, and this approach was utilized to 
determine if the reserve carbohydrates of intermediate wheatgrass were 
primarily fructosans. The total water-soluble extracts of roots and stem 
bases of the check plants sampled September 22, 1960 were utilized for 
this determination. Twenty-five milliliter aliquots of the total water-
soluble extracts were hydrolyzed in a boiling water bath for one-half 
hour with 1 + 100 HCl and made to a pH of 6 with 10% NaOH. Ions in the 
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solution were removed by adding cation and anion exchange resins to the 
sangle solution and shaking. Ten and 40 cmm of sançle solutions were 
spotted on chromatographic paper, as also were 10 and 40 cmm aliquots 
of known glucose and fructose standards. The chromatograms were devel­
oped by descending chromatography, utilizing a solution of 8 parts ethyl 
acetate, 2 parts pyridine, and 1 part water.* Chromatograms were devel­
oped for 36 hours. Air-dried chromatograms were dipped in a solution of 
anal ine hydrogen phthalate, dried at room temperature, and heated in an 
oven at 110 C for 5 minutes. Fructose and glucose spots were made visible. 
Since preliminary èests had shown no differences in the extraction 
of polysaccharides in a 70 C and in a boiling water bath, these two 
methods of extraction were conçared for extracting total water-soluble 
carbohydrates, Four, 2 g sangles of ground material from a congwsite 
saiiq>le of stem bases collected in June of 1960 were weighed out. Sangles 
1 and 2 were extracted by pouring approximately 30 ml of boiling, distill­
ed water over the sauries in 40 ml centrifuge tubes and allowing them to 
stand in a 70 C water bath for 25 to 30 minutes. The samples were centri-
fuged and the extract decanted into 250 ml volumetric flasks. Extraction 
was repeated five times, and the extract made to 250 ml. Sanq>les 3 and 4 
were extracted by pouring approximately 30 ml of distilled water over the 
sangles and holding in a boiling water bath for 10 to 15 minutes, as 
previously discussed for extraction of polysaccharides. 
* Proportions and chemicals utilized for chromatographic studies 
were recommended by R. C. Bowers of the Horticulture Department of 
the University of Arizona. 
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Twenty-five milliliter aliquots from each of the four extractions 
were hydro1yzed with 1 + 100 HCl in a 70 C water bath for 35 minutes 
and cleared with lead acetate. Duplicate aliquots of each of the 
sançies were analyzed for reducing substances. The mean values for 
these analyses are given in row 1 of table 5. Twenty-five milliliter 
aliquots of the cleared and hydro1yzed extracts were then subjected to 
an additional, stronger hydrolysis of 1 + 25 concentration of HCl in a 
boiling water bath for three hours. The original volume was maintained 
by periodic addition of distilled water to the sangles. The results of 
this treatment are reported in row 2 of table 5. These data showed no 
significant differences of total water-soluble carbohydrates for ex­
traction in a 70 C or a boiling water bath. The strong hydrolysis 
resulted in slightly lower values than the milder hydrolysis, but the 
differences were not significant in this test. A later test showed 
that the strong hydrolysis resulted in a significant- loss of reducing 
substances. Aliquots from the two extractions were also used to deter­
mine if carbohydrates were lost when extracts were not shaken before 
pipetting aliquots, or if clearing before hydrolysis caused a loss of 
carbohydrates. These data are reported in table 6 and show no signifi­
cant differences between the two methods of extraction, as did the data 
of table 5. There was a significant difference because of shaking and 
clearing treatments. This difference was accounted for by the higher 
yield when extracts were shaken and hydrolyzed before clearing. The 
precipitate, which accumulated in the bottom of cooled extracts, was 
lost if cleared before hydrolysis or if sot shaken before aliquots for 
analysis were pipetted from the extract. The procedure adopted for 
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Table 5. Mean quantities of total water-soluble carbohydrates of a com­
posite sample of intermediate tdieatgrass stem bases collected 
June 28, 1960 as determined by two methods of extraction and 
two methods of hydrolysis 
%drolysis 
Extraction method 
70 C bath Boiling water bath Mean 
Hydrolyzed with 
1 + 100 conc. of 
HCl in 70 C bath 
for 35 minutes and 
cleared 
(Mg glucose equivalent per gram fresh weight) 
17.22 16.82 17.02 
Hydrolyzed with 
1 + 100 conc. of 
HCl in 70 C bath 
for 35 minutes and 
cleared, and then 
hydrolysis with 
1 + 25 HCl in boiling 
water bath for 3 hrs. 
Mean 
14,98 
16.10 
16.30 
16.56 
15.64 
16.39 
Analysis of variance for data above: 
Source of variation Degrees of freedom 
Extraction 
Hydrolysis 
Ext. X hydrol. 
E:q>erimental error 
Oeterminât ions 
1 
1 
1 
4 
8 
Mean squares 
.82 
7.60 
2.94 
3.30 
1.30 
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Table 6. Mean quantities of total water-soluble carbohydrates of a com­
posite sangle of intermediate wheatgrass stem bases collected 
June 28, 1960, as determined by two methods of extraction and 
three methods of preparing extracts for hydrolysis* 
Extraction method 
Not shaken, 
not cleared 
Shaken, 
cleared, then 
hydro1yzed 
Shaken, 
hydMlyzed, 
then cleared Mean 
Extracted in 70 C 
water bath 12.92 13.42 14.02 13.46 
Extracted in boiling 
water bath 13.27 . 12.24 15.22 13.57 
Means 13.10 12.83 14.62 13.51 
® Hydrolysis was with 1 + 100 HCl in a boiling water bath for 
one-half hour. 
Analysis of variance for data above: 
Source of variation Degrees of freedom Mean squares 
Extraction 1 .05 
Preparation treatment 2 3.71* 
Ext. X treat. 2 1.46 
Error __6 .62 
Total II 
* Significant at the 555 level 
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analyses reported in this dissertation vas to shake the extracts prior 
to removal of the aliquot and hydrolyze aliquots before clearing. 
A summary of the procedure used to determine total water-soluble 
carbohydrates follows; Approximately 1 g of ground, oven-dry plant 
material vas weighed into a 40 ml centrifuge tube, 30 ml of distilled 
water added, and the sample held in a boiling water bath for 10 to 15 
minutes. The sangle was then centrifuged, and the extract decanted 
through a filter into a 250 ml volumetric flask. Checks showed that 
five such extractions were adequate for removal of the water-soluble 
carbohydrates. The residue did not separate well the first two. ex­
tractions. After the second extraction, the filter paper was removed 
from the funnel, a hole punched in the bottom and the residue washed 
back into the centrifuge tube for the balance of the extractions. The 
last three extractions were filtered through clean filter paper on 
which little residue collected. The extract was cooled and made to 
250 ml volume. 
A 25 ml aliquot was pipetted from the 250 ml volume after agita­
tion and hydrolyzed by adding 0.25 ml of concentrated hydrochloric 
acid. The acidified solution was then held in a boiling water bath 
for one-half hour. After cooling, the sangle was made to a pH between 
5 and 6 with 10% sodium hydroxide, cleared with lead acetate, the lead 
removed with dipotassium phosphate, and the volume made to 50 ml. A 
pH of near 7 resulted in excessive formation of lead hydroxide which 
caused some sugar loss in the clearing process. A 5 ml aliquot of the 
cleared saiq>le was analyzed for reducing substances, and the result 
reported as glucose equivalent per gram of fresh weight of plant material. 
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Plant material used to cheek this method of analysis vas obtained 
by coiq>ositing ground material of roots and stem bases from three 
replications of etiolated intermediate wheatgrass, grown on plots 
covered to prevent photosynthesis on August 9th and irrigated fre­
quently to encourage growth. 
Nitrogen analyses 
Composite sançles of the three replications of herbage, stem bases, 
and roots of intermediate wheatgrass for each sas^le date and treatment 
of the etiolated study were analyzed for total nitrogen by the Kjeldahl 
method. Results were e:q)ressed as milligrams of nitrogen per gram of 
fresh weight of plant part. 
Root weights 
After the roots and stem bases were washed from the 6-inch cubes of 
soil, and these parts separated into roots and stem bases, they were 
blotted with paper towels and weighed to obtain a wet weight for each 
part. Weights are summarized in the results section as grams per 216 cu 
in. of sod. 
Irrigation and Clipping Study 
Objective and design 
The objective of this study was to determine the responses of 
intermediate wheatgrass to spring and fall clipping, compared to clipping 
only in the fall, in combination with three moisture treatments. The 
moisture levels were: (I) no irrigation, (2) a single spring irrigation, 
and (3) frequent irrigation through the spring, summer, and fall. The 
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experiment was arranged as a factorial in a randomized block design with 
four blocks. Figure 5 shows the plot plan. 
The dimensions of each treatment plot were 11 by 20 ft. A low dike 
was constructed around each plot and a drainage ditch dug at the lower 
end of each row of plots. Plots were irrigated by gravity flow through 
movable, 2-inch, plastic hose (figure 6). Each plot was irrigated for 
tm hours per irrigation. During each 2-hr irrigation, approximately one 
inch of moisture infiltrated into the soil. An infiltration curve for 
the soil on the plots is shown in figure 8. Irrigation dates are listed 
in table 7, and the precipitation for January 1961 to June 1964, recorded 
at the Cedar City, Utah, airport, located approximately 3 miles east of 
the plots, is shown in table 8. 
Clipping in the spring and fall to approximately a 1-inch stubble 
height was accomplished with a hand sickle and a lawn mower. Figure 7 
illustrates the appearance of the plots following the spring 1961 clip­
ping, and fi^re 9 illustrates the appearance following the November 1963 
clipping. Clipping dates are shown in table 9. 
Herbage yield 
Herbage yields for each treatment were determined by harvesting two, 
9.6 sq ft subplots per treatment replication at clipping dates shown in 
/ 
table 9. For the fall and spring clipping treatment, there were two 
harvests per year but only one harvest for the grass clipped only in the 
fall. The final herbage yields on June 16, 1964 were for all treatments. 
The circular, 9.6 sq ft herbage-yield plot shown in figure 10 was con­
venient because only one peg was necessary to locate each permanent plot. 
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BLOCK 1 
C| A, (=2 
BLOCK 2 
C| 
Ag (=2 A2 =2 
A| B2 
BLOCK 3 
C2 B| C2 
BLOCK 4 
B2 
C| AZ C| A| *2 
Irrigation: A-None B- One spring C- Frequent 
Clipped: I- Spring and fall 2- Fall 
Figure 5. Plot plan for irrigation and clipping study 
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Figure 6. Intermediate wheatgrass inigation and clipping study plots 
being irrigated on August 14, 1962 
Figure 7. Intermediate wheatgrass irrigation and clipping study plots after 
spring 1961 clipping 
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Figure 8. Accumulative infiltration of water into the soil of the 
intermediate wheatgross irrigation and clipping study 
plots at the College of Southern Utah State Well Farm 
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Table 7. Irrigation dates for intermediate vheatgrass irrigation and 
clipping study plots, 1961 to 1963® 
1961 1962 1963 
May 29^ 
June 14 
Rain in early July® 
July 22 
August 14 
Rains in late August 
and early S^tember 
October 3 
October 21 
June 5-6 
June 24 
July 9 
July 23 
August 14 
August 28 
September 15 
October 1 
October 15 
June 7 
June 22 
July 6 
July 20 
August 3 
August 17 
August 31 
September 21 
October 10 
^ Each plot was irrigated for a 2-hr period, ^proximately 1 in. 
of water infiltrated into the soil during this time. 
^ Plots irrigated only once each spring were irrigated on the first 
irrigation date each year. 
^ In 1961 plots were not irrigated if wetted by good rains when 
irrigation was due. 
The weight of herbage production per plot, weighed in grams and multiplied 
by 10, converted directly to pounds per acre. 
Boot development 
A measure of root development was obtained by determining the weight 
of roots washed from a 6-in. cube of sod, selected at random from each treat* 
ment plot each time sauries were collected for carbohydrate and nitrogen 
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Table 8. Monthly precipitation recorded at the Cedar City Airport from 
January 1961 to June 1964 
Month 1961 1962 1963 1964 
January 0.36 0.49 0.26 0.04 
February 0.15 1.99 0.88 0.14 
March 2.93 0.97 0.51 0.94 
April 1.02 0.42 1.25 1.69 
May 1.00 1.39 0.01 0.65 
June T 0.50 0.65 0.62 
July 1.11 0.40 0.05 
August 2.71 0.04 4.31 
September 1.75 1.08 1.61 
October 0.29 0.85 0.59 
November 0.50 0.38 1.36 
December 0.59 0,68 0.05 
Totals 12.41 9.19 11.53 
analyses. These sanqpling dates are given in table 10. 
During the period of August 23-25, 1964, pits were dug across blocks 
1 and 2 of the irrigation and clipping study plots (figure 11). Maximum 
root depth and numbers of roots growing through 12 cu in* bisects at 12-in., 
30-in., and 48-in. depth for each treatment were determined. The stratified 
nature of the alluvial soil profile and the position of the root transects 
are shown in figure 13. 
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Figure 9. Intermediate wheatgrass irrigation and clipping study plots after 
clipping, November 1963 
Figure 10. Harvesting herbage production plot, November 1963 
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Table 9. Clipping dates for intermediate wheatgrass irrigation and clipping 
study plots, 1961 to 1964 
Year Spring clipping Fall clipping 
1961 June 13 to 14 November 15 and 18 
1962 June 15 November 2 
1963 June 6 November 14 
1964 June 16® 
^ All herbage production sanq>le plots ^ re clipped on this date. 
Table 10. Sampling dates for root development, carbohydrate, and nitrogen 
determinations of intermediate wheatgrass 
April 12, 1961 
July 6 to 8, 1961 
August 31 to 
September 2, 1961 
May 4 to 9, 1962 
August 4 to 8, 1962 
September 27 to 
October 5, 1963 
November 27, 1963 
^ril 17, 1964 
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Figure 11. Photograph of pit dug on irrigation and clipping study plot to 
determine number of intermediate wheatgrass roots at various 
depths 
Figure 12. Thermometer in place to measure temperature of sod at 2-in 
depth under spring-clipped and frequently irrigated grass 
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Chemical analyses 
Total water-soluble carbohydrate analyses were determined for each 
replication of root sangles for each treatment and sample date shown in 
table 10. Collection, killing, and analyses were by the methods discussed 
previously in the methods section of this dissertation. The carbohydrates 
in the stem bases of intermediate wheatgrass were shown to follow closely 
the levels of carbohydrates in the roots during the etiolation study; con­
sequently, analyses of each replication of stem bases were not made. Rep­
lications of stem bases were cosposited and a single analysis made for each 
treatment and sasqpling date. The four replications of herbage sang)les also 
were conpbsited and a single analysis made for each sangle date and each 
treatment. 
The nitrogen level of roots and stem bases during the etiolation study 
varied very little with treatments; very little eo^hasis, therefore, was 
placed on these analyses for the clipping and irrigation study. Replica­
tions were congwsited and a single analysis made for each treatment and 
seaaple date. ^ 
Soil temperature and moisture 
Tb obtain some idea of summer tenteratures under plant crowns with 
the irrigation and clipping treatments, thermometers were placed on rep­
licated plots on August 15, 1962. Laboratory thermometers were inserted 2 
inches into the soil in the plant crowns. The thermometers were shielded 
from the direct rays of the sun by a wood shield (figure 12). Tenqieratures 
were read periodically on August 16th, 18th, 20th, and 24th. Frequently 
irrigated plots had been irrigated on August 14th. 
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Soil moisture vas determined gravimetrically at several dates during 
the study. Moisture sasçles were obtained by one-foot increments to 36-
in. depth on June 16, 1961, two days after irrigation on frequently ir­
rigated plots. Moisture samples were also taken on June 8, 1962, two days 
after irrigation of the spring-irrigated and frequently irrigated plots, 
then to 60-in. depth on June 27, 1962, 11 days after irrigation of spring-
irrigated plots and three days after the second irrigation on the frequent­
ly irrigated plots. Sangles were obtained to the 60-in. depth on July 23, 
1962 and to 48-in. depth on June 7, 1963 and May 22, 1964. The data of 
May 22, 1964 were analyzed statistically to determine possible difference 
in soil moisture after three years of clipping and irrigation treatments. 
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RESULTS 
Etiolation Study 
Root and herbage growth 
Observations on stages of herbage and root growth during the 1960 eti­
olation study are summarized in table 11, and the mean root weights for 
three replications of treatments and san^ling dates are shown in-table 12. 
- The highest root weight was 40.5 g of roots for the November 5th sangle 
date of the check treatment. This was significantly higher than all the 
other values except the November 5th sangle from the clipped treatment and 
the September 22nd saiq>le from the check. Field notes for the November 
5th sangle date contained the statement that -'...the roots and stems of 
the check plants were very young-looking, and the roots of etiolated plants 
appeared dry and lacking in new growth." The lowest root weights per sanqple 
were reported for the etiolated treatments on the second date of sanpling 
after etiolation began. The low value of 11.0 g of roots for the September 
26th saizple date of the early etiolated plants was significantly lower than 
the November 5th check and clipped treatments. The 19.3 g value for the 
November 5th sangle for the late etiolated treatment was next low and was 
significantly lower than the November 5th check. The only treatment which 
resulted in a significant increase in root weight by NovenAer over the June 
28th sangle weight was tjxe check. Clipped plants produced 32.2 g of roots 
in November compared to 26.8 g in June, but this increase was not significant. 
The high weights of roots recorded in the fan for the check plants, plus 
the field observations that this was a period when new zoot growth was 
evident, showed that this was an ingwrtant time for root regeneration in 
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Table 11. Stages of growth of intermediate wheatgrass on san^llng dates 
during 1960 etiolation study 
Sang>l ing date Treatment Stage of growth 
June 28 
August 9 
Check Grass in early head after grazed in spring 
Check Seed heads formed—most seed not developed but 
some in dough stage 
Clipped Leafy, green growth 9 in. tall 
Early 
etiolated 
September 22 Check 
CIipped 
Early 
etiolated 
Late 
etiolated 
November 5 Check 
Clipped 
Late 
etiolated 
Yellow-green leaves 12 in. tall 
Mature seed stage--most seed small or not 
developed—abundant new rhizome and shoot 
development 
Leaves at 2-3-leaf stage, 6 in. tall—abundant 
new rhizomes and shoot development 
Only a few leaves—plants appeared almost dead 
—most tertiary and smaller roots missing 
Yellow leaves 18 in. tall—reduced amount of 
small roots compared to check and clipped 
Green fall regrowth at base—abundant new root 
growth 
Green fall regrowth—new root growth but 
appewed to be less than on check plants 
Only a few yellow leaves—no new root growth 
indicated in field notes 
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Table 12. Ranked treatment means for wet weight of intermediate wheatgrass roots in 6-inch cube 
sangles collected at C.S.U. State Well Farm—*1960 etiolation study 
Sanq)le date and treatment 
Nov. 5 Nov. 5 Sept. 22 June 28 Aug. 9 Sept. 22 Sept. 22 Aug. 9 Aug. 9 Nov. 5 Sept. 22 
\ Late Early Late Early 
Check Clip Check Check Check Clip etloi. Clip etiol. etiol. etiol. 
(Grams per 6-inch cube sample below crown) 
40.5 32.2 29.0 
* 
26.8 24.3 23.2 22.0 21.4 20.0 19.3 11.0 
S- • 3.767; 3 observations per mean; degrees of freedom «» 20 
* Means underlined by the same line were not significantly different at the 5% level as 
determined by Duncan* s multiple range test. 
V 
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this species. There were small but statistically nonsignificant decreases 
in root weights from June to August for all treatments. 
Carbohydrate reserves in the roots declined in the fall period. These 
reserves were presumably utilized for root growth, and limited reserves 
should limit fall root growth. This, in an extreme case, was the result 
with the etiolated treatments which gave low root weights in November and 
September, In fact, root weights of etiolated plants in September and No­
vember were lower than the June check, thus, indicating root mortality in ex­
cess of growth. 
Free reducing sugars 
Reducing sugars were lowest in roots for all sampling dates of etiolated 
plants, for the June 28th check at the start of the study, and for clipped 
plants in September (table 13). Highest reducing sugar contents were 
noted in roots of the check plants in August, September, and November, and 
the clipped plants in August and November. The reducing sugar levels follow­
ed a trend similar to that of sucrose and the polysaccharides, except the 
reducing sugars did not decrease in November as did the sucrose and poly- ' 
saccharide fractions. 
Sucrose 
Sucrose was definitely a reserve carbohydrate of intermediate wheatgrass 
roots (table 13). Sucrose content of the roots declined greatly with both 
the early and late etiolation. Sucrose was entirely lacking in some roots 
after a period of etiolation. The seasonal trend of sucrose in the roots 
of the check plants and the clipped plants was an increase from June to 
August and September, and then a decline with the fall growth period. This 
Table 13. Ranked treatment means for reducing sugars and sucrose in intermediate vheatgrass roots 
from sangles collected at C.S.U. State Well Farm—1960 etiolation study 
REDUCING SUGARS 
Sample date and treatment 
Nov. 5 Aug. 9 Nov. 5 Sept. 22 Aug. 9 Nov. 5 Sept. 22 Sept. 22 June 28 Aug. 9 Sept. 22 
Late Late Early Early 
Clio Check Check Check Clip etiol. etiol. Clio Check etiol. etiol. 
(Mg glucose equivalent per gram fresh weight) 
6.23 6.04 5.73 5.57 5.55 3.64 3.40 3.36 
* 
2.95 2.31 1.99 
S- n 0.683; 3 observations per mean; df. - 19 (one degre^ of freedom lost because of missing value) 
SUCROSE 
Sample date and treatment 
Sept. 22 Aug. 9 Aug, 9 Sept. 22 Nov. 5 Nov. 5 June 28 Sept. 22 Aug. 9 Sept. 22 Nov. 5 
Late Early Early Late 
Check Clip Check Clip Check Clip Check etiol. etiol. etlol. etiol. 
(Mg glucose equivalent per gram fresh weight) 
7.12 5.77 5.42 5.41 4.25 3.78 3.09 1.49 0.23 0.17 0.12 
S- «• 0.619; 3 observations per mean; degrees of freedom = 19 
* Means underlined by the same line, are not significantly different at the 5% level as 
determined by Duncan* s multiple range test. 
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fall decline seemed to be associated with abundant new root growth noted in 
the November sangles of the check and clipped plants. The level of sucrose 
in the roots of the clipped grass was very close to that of the check grass 
each time saiiq>led. The summer herbage growth, which was stimulated by irri­
gation and clipping, was adequate to replace the reserves required for growth 
following each clipping. The check plants made little herbage growth dur­
ing the summer, but did produce some seed. 
Polysaccharides 
Several methods to hydrolyze the hot water extracts of the alcohol res­
idue were cong*ared for three samples of replication one of the etiolation 
study. These data showed a prominent decrease in the polysaccharide frac­
tion as etiolation progressed from June 28th to September 22nd (table 14). 
Slightly lower values were observed when sangles were hydro 1 y zed after 
clearing than when not cleared or when hydrolyzed before clearing, but the 
results of these treatments were inconclusive because only a single replica­
tion of each treatment and sançle date was tested. ^ 
% 
In order to check hydrolysis and clearing more adequately, sauries of 
stem bases from the three replications of the June 28th san^ling date were 
conposited, the replications of the early etiolated treatment sampled Au­
gust 9th were composited, and the early etiolated treatment replications 
sançled September 22nd were conposited. Replications were coiq>osited to ob­
tain adequate, uniform material to analyze replicated sazg^les for testing 
analytical methods. From these three con^site sauries, duplicate sançles 
were checked, using 2 levels of hydrolysis before or after clearing. The 
data and analysis of variance for the data are reported in table 15. The 
materials reported as reserve polysaccharides decreased with progressive 
Table 14. Polysaccharides in the alcohol residue of intermediate vheatgrass roots as determined by 
hydrolysis and clearing treatments—sainples from replication I of the 1960 etiolation 
study® 
Five washings Sixth washing 
hang>le date 
Field Not cleared 
Cleared before 
hvdrolvsis 
Cleared after 
hydrolysis Not cleared 
treatment 1+100 1 + 50 1 + 25 1 + 100 1 + 100 1 + 100 
(Mg glucose equivalent per gram fresh weight) 
June 28 Check 8.92 8.92 10.15 7.82 9.51 0.15 
Aug. 9 Early etiol. 3.77 5.14 — 2.63 3.09 0.16 
Sept. 22 Early etiol. 1.34 1.49 0,89 0.59 0.05 
Totals 14.03 15.55 11.34 13.19 0.36 
^ Hydrolysis treatments were 1 ml of concentrated HCl added to 100 ml of solution, 1 ml to 50 
ml of solution, and 1 ml to 25 ml of solution. All sauries were hydro 1 y zed by holding in a 
boiling water bath for 30 minutes. 
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Table 15. Comparison of two concentrations of hydrochloric acid hydroly­
sis before or after clearing extracts of etiolated intermediate 
wheatgrass stem bases for analyses for polysaccharides 
Hydro1yzed before Hydrolyzed after 
clearing clearing 
Sasple date 1 + 100 1 + 50 1 + 100 1 + 50 Mean 
June 28, 1960 6.20 7.75 6.33 6.44 6.68 
August 9, 1960 1.46 1.90 0.84 0.94 1.28 
September 22, 1960 0.92 1.64 0.46 0.74 0.94 
Means for hydrolyses 3. 31 2.62 
Means for concentration 1 + 100 - 2.70; 1 + 50 - 3.23 
tfean square 
• . 
82.82** 
2.83* 
1.70 
0.02 
0.16 
0.82 
0.19 
0.38 
* Significant at the 5% level 
** Significant at the 1% level 
Analysis of variance for data shovn above: 
Source Degrees of freedom 
Saaçle daté 2 
Hydrolysis 1 
Concentration 1 
Date X hydrolysis 2 
Date X concentration 2 
Hydrolysis x concentration 1 
Date X hydrol. x conc. 2 
Error 12 
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etiolation from a mean of 6.68 mg in June to 0.94 mg in September. The 
sa]i{)le date mean square yielded a highly significant F value. 
A significantly higher value of polysaccharide yield occurred when 
hydrolyzed before clearing. As shovm in figure 14, much of the higher 
value can be accounted for by the higher yield when hydrolyzed with 1 + 50 
concentration of HCl before clearing. Concentration of acid was not quite 
significant at the 5% level. As the curve for this treatment paralleled 
the other three curves, even on September 22nd when the etiolated plant ap­
peared dead, the additional amounts shown by hydrolysis with 1 + 50 concen­
tration of HCl prior to clearing were not considered to be reserve sub­
stances. The 1+50 concentration of HCl hydrolysis prior to clearing ap­
parently resulted in transformations of some chemical congwnents so they 
were not removed by clearing after hydrolysis. The 1 + 100 concentration of 
HCl hydrolysis, either before or after clearing, and the 1+50 concentra­
tion of HCl after clearing produced similar results (figure 14). The 1 + 
100 concentration of HCl hydrolysis in a boiling water bath for one-half 
hour prior to clearing was chosen for the polysaccharide analyses for inter­
mediate wheatgrass. One additional observation which helped decide on hy­
drolysis prior to clearing was that a few sangles with high total water-
soluble carbohydrates (analyses to be discussed later) formed a slight pre­
cipitate when cooled. Checks showed that slightly higher values were obtain­
ed for sanglés shaken and hydrolyzed with 1 + 100 HCl prior to clearing than 
for samples not shaken prior to pipetting aliquot for analyses, or if shaken 
samples were cleared prior to hydrolysis. 
The major portion of the reserve carbohydrates were in the form of poly­
saccharides which were soluble in hot water and hydrolyzable with 1 + 100 
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Figure 14. Polysaccharide analyses of etiolated intermediate wheatgrass 
stem bases with hydrolysis in a boiling water bath for 30 
minutes at two concentrations of hydrochloric acid, before 
or after clearing solutions with lead acetate 
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HCl in a boiling water bath for one-half hour. The decline in this fraction 
with etiolation was very pronounced (figure 14). The concentrations of 
polysaccharides in the roots of intermediate wheatgrass under etiolated con­
ditions were the lowest values in the ranked treatment means shown in table 
16. The June 28th level of 9.86 mg of glucose equivalent per gram of fresh 
weight was also low. Polysaccharide levels reached highs in August and 
September for both the check and clipped plants. The amount of polysaccha­
rides then dropped by November 5th in both the check and clipped plants to 
values not significantly different from the June 28th value. Sangles col­
lected on November 5th showed abundant, new root growth for plants receiv­
ing the check and clipped treatments (table 11). 
Hemicellulose 
The hemicellulose fraction of roots was highly variable and did not 
appear to show a consistent pattern with etiolation, clipping, or season 
(table 17). Analyses showed a decline of this fraction for the early eti­
olation period but an increase for the late etiolation period. Congwsite 
sangles of stems from the early etiolation treatment were also analyzed for 
hemicellulose fraction after the sugars and polysaccharides were removed. 
In this conçarison, duplicate sanqples of material from each saaçling date 
were analyzed for hemicellulose after the more soluble carbohydrates had 
been removed by each of two methods. These data and the analysis of vari­
ance for the data are displayed in table 18; The August 9th mean of 45.62 
mg was higher Shan the 22.13 mg on June 28th but not significantly so. The 
hemicellulose fraction, as analyzed here, did not ^ pear to be a reserve 
material and was not determined for additional sangxles. This is in agree­
ment with the results of numerous workers (3, 7, 13, 16, 30, 58, 65, 73, and 
Table 16. Ranked treatment means for polysaccharides in alcohol residue of intermediate wheatgrass 
roots from sanç)les collected at C.S.U. State Well Farm—1960 etiolation study 
Sangle date and treatment 
Aug. 9 Sept. 22 Aug. 9 Sept. 22 Nov. 5 Nov. 5 June 28 Sept. 22 Aug. 9 Nov. 5 Sept. 22 
Late Early Late Early 
Clip Check Check Clip Clip Check Check etiol. etiol. etiol. etiol. 
(Mg glucose equivalent per gram fresh weight) 
28.29 24.06 21.89 19.13 10.94 10.71 9.86 9.57 
* 
2.37 1.64 1.03 
Sj- 3. 383; 3 observations per mean; degrees of freedom "19 
* Means underlined by the same line are not significantly different at the 5% level as 
determined by Duncan's multiple range test. 
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Table 17. Hemicellulose content of intermediate wheatgrass roots from 
sasçles collected at C.S.U. State Well Farm—1960 etiolation 
study 
Sançle date 
and treatment 
Replication 
II III tkan 
June 28 Check 
August 9 Check 
S^tember 22 Check 
November 5 Check 
(Mg glucose équivalent per gram fresh weight) 
61.35 
32.99 
29.05 
60.28 
60.07 
38.09 
46.40 
61.59 
81.55 
73.04 
67.66 
48.04 
37.72 
60.94 
June 28 Check 61.35 
August 9 Clipped 41.33 
September 22 Clipped 54.62 
November 5 Clipped 45.88 
60.07 
87.17 
38.99 
68.86 
81.55 
89.66 
79.17 
67.66 
72.72 
57.59 
57.37 
June 28 Check 
August 9 Early 
Etiolated 
September 22 Early 
Etiolated 
61.35 
58.22 
34.52 
60.07 
17.54 
34.96 
81.55 
98.91 
67.66 
58.22 
34.73 
August 9 Check 
S^tember 22 Late 
Etiolated 
November 5 Late 
Etiolated 
32.99 
45.68 
75.83 
38.09 
37.26 
38.29 
73.04 
81.82 
48.04 
54.92 
57.06 
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Table 18. Hemicellulose determinations on composite early etiolated stem 
sangles of intermediate wheatgrass 
Method of extraction of soluble carbohydrates 
Sançling date Bv fractions Total water-soluble Mean 
12 1 2 
June 28 
August 9 
September 22 . 
Mean 
(Mg glucose equivalent per gram fresh weight) 
24.43 23.64 20.28 20.18 
38.82 49.70 28.77 65.17 
27.08 30.23 44.82 24.46 
22.13 
45.62 
31.65 
32.32 33.95 33.13 
Analysis of variance for data shown above: 
Source Decrees of freedom Mean souare 
Date 2 558.04 
Method 1 , 7.97 
Date X method 2 24.64 
Error _6 155.70 
Total 11 
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Total water-soluble carbohydrates 
Hot water extracts of intermediate wheatgrass roots'^nd stem bases were 
checked to determine whether reducing sugars present after hydrolysis were 
primarily glucose or fructose. The results of this chromatographic ident­
ification of sugars showed that the 40 cmm aliquots of the standards contain­
ing 0.4 J{g of reducing sugars yielded clearly defined spots of fructose and 
glucose on the chroma to grams, and that spots developed with as little as 
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0.1 j[fz Of glucose. The 40 cmm allquots of both stem base and root samples, 
after development on the chromatograms, showed a single spot which corre­
sponded to the Rf of the fructose standard. Any glucose present was in 
quantities too small to develop in this test. These data showëd that less 
than 0.1 i^g of a calculated 0.92 j^g of reducing substances in the hydrolyzed 
hot water extract of intermediate wheatgrass roots was glucose. A similar 
result was obtained for stem bases on this date. 
The chromatographic evidence, a negative iodine test for starch, water 
solubility, ease of hydrolysis, and tendency to be destroyed by strong 
drolysis, all confirmed the conclusion that, the reserve polysaccharides of 
intermediate wheatgrass are primarily fruetosans. A mild hydrolysis of these 
fructosans should not destroy free reducing sugars and, thus, makes possible 
the analyses for combined total water-soluble carbohydrates. 
Data of the total water-soluble carbohydrate content of etiolated roots 
and stem bases are shown in table 19. The carbohydrate content of the roots 
and stems decreased rapidly with etiolation. Expressed as a percentage of 
the dry weight of roots, the water-soluble carbohydrate content was 15.4% on 
August 9th and was reduced to 1.4% by November 5th. These carbohydrates, 
as extracted by the method outlined, show the reduction expected with eti­
olation and are, thus, shown to be reserves. Analyses of the hemicellulose 
fraction, remaining in the residue after the water-soluble carbohydrates 
were extracted, did not show any consistent change with etiolation. 
Also shown in table 19 is a comparison of 1 + 100 HCl hydrolysis in a 
70 C water bath and 1 + 100 and 1+25 HCl hydrolysis in a boiling water 
bath maintained at a tenperature of 92 C to 93 C. The results were cougar-
able for 1 + 100 HCl in a 70 C bath and the boiling water bath, but some 
4 
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Table 19, Total water-soluble carbohydrates in etiolated intermediate 
wheatgrass roots and stem bases with three levels of 
' hydrolysis® 
Plant 
part 
Sample 
date 
Percent 
dry wt. 
1 + 100 HCl 
in 70 C bath 
for 35 min 
1 + 100 HCl 
in boiling 
bath, 30 min 
1 + 2 5  H C l  
in boiling 
bath, 3 hrs Mean 
Stem 
bases 
Aug. 9 
(Më 
32.6 
; glucose equivalent per gram fresh weight) 
28.89 28.42 24.94 27.42 
Sept. 22 33.4 6.23 6.23 6.71 6.39 
Nov. 5 38^ 1.76 4.46 3.02 3.08 
Mean 34.8 . 12.29 13.01 11.56 12.30 
Boots 
Aug. 9 36.5 49.14 50.38 44.72 48.08 
Sept. 22 34.6 21.76 19.42 17.04 19.41 
Nov. 5 39,3 6.32 5.86 7.17 6.45 
Mean 36.8 25.74 25,22 22.98 24.65 
Mean 33.9 19.02 19.13 17.27 18.47 
® Extracted in a boiling water bath, cleared prior to hydrolysis 
Analysis of variance for above data; 
Source Degrees of freedom Mean square 
Hydrolysis 2 13.09** 
Part 1 1,372.33** 
Date 2 3,543.78** 
Hydrol. X part 2 3.12 
E^drol. X date 4 6.82 
Part X date 2 225.26** 
Hydrol. X part X date 4 3.97 
Error 18 2.13 
** Significant at the 1% level 
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loss of reducing substances vas noted when 1 + 25 HCl hydrolysis for 3 hrs 
in a boiling water bath was utilized. The 1 + 100 HCl in a boiling water 
bath was chosen for further analyses. 
Values for total water-soluble carbohydrates were consistently higher 
than the sum of fractions obtained by fractional analyses until acid hydrol­
ysis of the alcohol extract was substituted for invertase hydrolysis. Sam­
ples containing 1 mg of sucrose, hydrolyzed as a check with unknown samples 
when using invertase, yielded an average of 1.02 mg of reducing substances 
for three sangles. The theoretical yield for this hydrolysis is 1.05 mg of 
reducing substances per mg of sucrose. This result showed the invertase was 
active and that easily hydrolyzable reserve foods other than reducing sub­
stances and sucrose were present in the 80% alcohol extracts (table 20). 
Wylam (105) found oligosaccharides on paper chroma to grams of 80% ethanol ex­
tracts of grasses. Sullivan (85) simply stated that invertase hydrolysis 
was unsatisfactory for grasses. The reducing substances, sucrose, and acid 
hydrolyzable substances, after subtracting free reducing substances and 
sucrose, as reported in table 20 were obtained by soaking ground, oven-dry 
plant material in 80% alcohol for ten days followed by an analysis of the 
alcohol extract. 
The mean carbohydrate yield by fractions as shown in table 20 was 19.47 
mg of glucose equivalent per gram of fresh weight. The mean yield by the 
total water-soluble carbohydrate method with 1 + 100 HCl hydrolysis in a 
boiling water bath was 19.13 mg glucose equivalent per gram of fresh weight 
(table 19). These results are conparable and illustrate the feasibility of 
analyses for total water-soluble carbohydrates in a single analysis. 
There was not adequate sangle material remaining after the fractional 
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Table 20. Carbohydrates by fractions in etiolated intermediate wheat-
grass stem bases and roots 
Plant 
part 
Saagile 
date 
Reduc. 
sub. Sucrose 
Acid hydrolyzable 
substances in 
alcohol extract* 
Water-
soluble 
polysac. Total 
(Mg glucose equivalent per gram fresh weight) 
Stem 
bases 
Aug. 9 4.09 4.75 8.05 14.26 31.15 
Sept. 22 2.30 0.27 1.22 3.50 7.29 
Nov. 5 2.25 0.00 0.15 1.80 4.20 
Roots 
• 
Aug. 9 4.25 6.45 10.01 26.64 47.35 
Sept. 22 3.01 1.86 6.87 9.16 20.90 
Nov. 5 3.49 0.18 0.87 1.41 5,95 
Mean 19.47 
^ After substracting free reducing substances and sucrose 
analyses to analyze each replication of the etiolation study for total water-
soluble carbohydrates and total nitrogen; the replications were congwsited, 
therefore, and a single analysis made for each treatment and sample date. 
The data on total water-soluble carbohydrates are shown in table 21 and dis­
played graphically in figures 15, 16, and 17. . The carbohydrate level of 
the roots (figure 15) of the check plants increased from June 28th to Au­
gust 9ch and September 22nd and then decreased with fall regrowth by November 
5th. The roots of clipped plants showed a high carbohydrate content on Au­
gust 9th, a low on September 22nd, and then a slight increase by November 5th. 
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Table 21. Total water-soluble carbohydrates in intermediate wheatgrass 
during 1960 etiolation study at C.S.U, State Well Farm 
Sampl <npr dates 
Plant June August September November 
Treatment part 28 9 22 5 
(Mg glucose equivalent per gram fresh weight) 
Check Herbage 24.70 48. 07 47 .32 37. 00
 
Stem bases 14.62 28. 29 31 .71 25. 52 
Roots 36.09 50. 65 52 .08 38. ,52 
Clipped Herbage 27. 25 13 .02 19. 81 
Stem bases 22. 68 19 .16 18. 99 
Roots 55. 96 41 .60 43. 26 
Early etiolated Herbage 11. 52 -
Stem bases 4. 05 4 .20 
Roots 7. 08 4 .41 
Late etiolated Herbage 3 .74 6. 58 
Stem bases 6 .36 4. 33 
Roots 19 .28 5. 64 
The early etiolated treatment showed a large drop in carbohydrates from the 
June 28th check to August 9th and a small decrease on to September 22nd. 
The late etiolated treatment roots showed a large drop from the August 9th 
check to the September 22nd sangle and continued to decrease to November 5th. 
The carbohydrate content of the stem bases (figure 16) followed a trend 
similar to the carbohydrates of the roots, except that the level in the stem 
bases was consistently lower in the stem bases of clipped plants than in 
79 
0) 
$ 
in 
9> 
E 
o 
« 
Q. 
a> 
o 
> 
cr 
« 
o> (/> 
o 
u 3 
o> 
(A 
E 
o 
70 
60 
50 
40 
30 
20 
10 
# a 
H 
June 
28 
Check 
Clipped 
Early etiolated 
Late etiolated mm 
Y 
S 
X 
X 
X 
X 
¥ 
Aug. Sept. 
9 22 
Sampling dates 
Nov. 
5 
Figure 15. Total water soluble carbohydates in intermediate wheat 
grass roots during I960 etiolation study 
80 
70 
60 
o» 
'S % 
«> 
E 
o 
50 
b 40 
9 
Q. 
O 
O" 
a> 
« 
M 
o 
o 
m 
E 
o 
30 
20 
10 
Check 
Clipped 
Early etiolated 
Late etiolated 
UN 
% 
H 
? 
•> 
•• 
Figure 
June Aug. Sept. Nov. 
28 9 22 5 
Sampling dates 
16. Total water soluble carbohydrates in intermediate wheat-
grass stem bases during I960 etiolation study 
81 
0) 
% 
M 
« 
E 
a 
01 
o. 
« 
o 
_> 
'5 
cr 
« 
Q> 
10 
o 
O 
w 
E 
o 
70 
60 
50 
40 
30 
20 
10 
:: 
• • 
s 
:: 
:: 
S 
% 
Check r.-.'.'i 
Clipped • 
Early etiolated 
Late etiolated m 
June Aug. Sept. 
28 9 22 
Sampling dates 
Nov. 
5 
Figure 17. Total water soluble carbhydrates in intermediate wheat-
grass leaves and culms during I960 etiolation study 
82 
the stem bases of check plants. The carbohydrate levels of the stem bases ' 
for all treatments were lower than for the roots on the same sangle date 
for the same treatment. Stems and roots, therefore, should be analyzed sep­
arately. 
The leaves and culms showed a trend for carbohydrate levels similar to 
that of the roots and stems (figure 17). This trend was low carbohydrates 
in young growth and higher levels in mature herbage. The September 22nd 
sangle for the clipped treatment contained the lowest level of carbohydrates 
for the clipped treatment. This sançle date corresponded with the 2- to 3-
leaf stage of growth for the grass receiving this treatment (table 11). 
Nitrogen 
Total nitrogen contaits of roots, stem bases, and herbage are displayed 
in table 22. Nitrogen declined with maturity in the herbage of the check 
plants and was high in the aftermath growth of clipped plants. Carbohydrate 
accumulation with maturity dilutes the nitrogen in herbage and accounts for 
the apparent decline of nitrogen with maturity. The influence of etiolation 
on nitrogen content of herbage was not conclusive. Nitrogen was high in 
early etiolated herbage on August 9th, but the September and November sangles 
of late etiolated herbage were lower in nitrogen than the sao^ples which had 
been clipped but not etiolated. 
The nitrogen content of both the roots and stem bases varied so little 
for all of the treatments and sang^ling dates (table 22) that no treatment 
or date influences were indicated. 
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Table 22. Nitrogen content of intermediate lAeatgrass plant parts with 
etiolation treatments 
Samoling dates 
Plant June August September November 
Treatment part 28 9 22 5 
(Mg nitrogen per gram fresh weight) 
Check Herbage 13. 02 9.74 8.34 5.99 
Stem bases 5. 11 4.08 4.95 6.12 
Roots 5. 08 5.07 5.2f 4.80 
Clipped Herbage 10.85 11.76 12.55 
Stem bases 5.04 5.02 4.44 
Roots 4.23 5.37 4.91 
Early etiolated Herbage 18.97 — 
Stem bases 3.61 4.95 
Roots , 3.99 --
Late etiolated Herbage 7.74 8.10 
Stem bases 4.61 4.99 
Roots 4.95 
Irrigation and Clipping Study 
Herbage yields 
The mean air-dry herbage yields of intermediate wheatgrass in response 
to clipping and irrigation treatments for 1961 to 1963 are shown in table 23. 
Analysis of variance mean squares for these data are displayed in table 24, 
and the eaqpected mean squares for appropriate F tests in table 25. The 
clipping and irrigation interaction was nonsignificant for each year; there­
fore, main effect comparisons were appropriate. The main effect means are 
displayed in figures 18 and 19. The F tests distinguished significance be­
tween means resulting from clipping treatments, and Duncan's least signifi­
cant range tests were utilized to conipare means for irrigation treatments. 
\ 
The data displayed in figures 18 and 19 illustrate the general down­
ward trend of herbage production during this study. Both clipping and ir­
rigation treatments influenced yields, but the general trend apparently was 
attributable to early spring precipitation. The spring of 1961 was an ex­
cellent year for growth of intermediate wheatgrass. There was 2.93 in. of 
precipitation in March of this year, 1.02 in. in i^ril, and 1.00 in. in 
May. Spring moisture conditions were ouch poorer for 1962 and very poor in 
1963 (table 8). 
Irrigation had a highly significant influence on herbage yields for 
each year (table 24). This significance was caused by the high yields as­
sociated with frequently irrigated plots conq)ared to the nonirrigated and 
spring-irrigated grass (figure 18). The spring-irrigated grass yielded 
slightly more than the non irrigated grass in 1961 and 1962, but the nonir-
rigated grass yielded 54 pounds per acre more herbage in 1963 than did the 
grass irrigated in the spring (table 23). This latter difference was not 
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Table 23. Dry-weight herbage yield for intermediate wheatgrass with 
clipping and irrigation treatments 
Kb Spring Frequent 
irrigation irrigation irrigation 
Clipping treatments 
Date 
Spring-
fall Fall 
Spring-
fall Fall 
Spring-
fall Fall Mean 
mi 
June 13 
Nov. 15 
1285 
1279 
(Pounds per 
1658 
acre) 
1152 
1746 
869 2195 
Total 1595 1279 1836 1352 2615 2195 
Irrigation means 1437 1594 2405 ! 
Clipping means Spring-fall 2015 Fall 1609 1812 
196^ 
June 15 
Nov. 2 
949 
90 530 
1081 
68 538 
1398 
382 1095 
Total 1039 530 1149 538 1780 1095 
Irrigation means 784 843 1438 
Clipping means Spring-fall 1322 Fall 721 1022 
1963 
June 6 
Nov. 14 
278 
281 
156 
-m 519 
484 
JM im 
Total 
.559 445 ?77 5:9 1228 1498 
Irrigation means 502 448 1362 
Clipping means Spring-fall 721 Fall 820 771 
Table 24. Analysis of variance mean squares for dry-weight herbage yield of intermediate wheatgrass 
with clipping and irrigation treatments 
Degrees of 1961 1962® 1963 
Source freedom Mean squares Mean squares Mean squares 
Blocks 3 142,307,63 109,625.00 205,577.78 
Irrigation 2 4,320,006.22** 1,044,407.29** 4,212,389.58** 
Clipping 1 1,980,468:75* 2,172,016.66** 118,008.32 
Clip X irrig. 2 28,206.27 15,669.80 152,577.08 
Error 15 300,624.30 59,602.50 170,486.12 
Sanple 24 94,572.91 — 19,941.67 
Total 47 
^ Approximate method of unweighted means analysis in 1962 because of only one sangle per plot 
in fall 
* Significant at the 5% level 
\ -
** Significant at the 1% level 
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Table 25. Expected mean squares for intermediate wheatgrass clipping and 
irrigation study with subplot san^ling, random blocks, fixed 
treatments, and block interactions assumed = 0 
Source Degrees of freedom EMS 
Block 3 cf2 
CM 
CM 
-t-
Irrigation 2 + 
CM 
Clipping 1 C
M 
+ 2<r^  24KC2 
Irrig. X clip 2 
CM 
4- 2(r^  ^ + 8Kte 
Error 15 
<5^ + 
Sample 2à 
Total 47 
All F tests utilized the error term and 15 degrees of freedom as the 
denominator. Significance of mean squares tms noted by asterisks for the 
1% and 5% levels when present. 
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statistically significant. It is interesting to note, however, that fall 
regrovth on plots clipped spring and fall vas consistently greater for 
grass not irrigated in the spring con^ared to grass irrigated once in the 
spring. This partially masked the increased spring yield which resulted 
from a spring irrigation prior to clipping in 1961 and 1962. In 1963, the 
spring clipping was prior to irrigation; but the yield on November 14th was 
281 pounds per acre on the nonirrigated grass cong^ared to 221 pounds per 
acre for grass clipped both spring and fall and irrigated once in the spring. 
A possible e3q)lanation for these results is that spring irrigation stimu­
lated growth of basal shoot and root buds rather than differentiation and 
drought hardiness. These young shoots and roots succumbed to summer drought. 
Buds of nonirrigated plants did not make growth until favorable moisture 
was present in late summer and fall; therefore, there were more vigorous 
root and shoot buds for this treatment for fall growth. 
Two clippings per year resulted in greater herbage yields in both 1961 
and 1962 than a single fall clipping (figure 19). These differences were 
significant at the 5% level in 1961 and at the 1% level in 1962 (table 24). 
Di 1963, however, there was no significant difference in herbage yield be­
tween two clippings per year and a single, fall clipping (table 24). Very 
poor spring growth due to low spring precipitation coupled with very favor­
able moisture in August and September of 1963 (table 8) appeared to increase 
the amount of forage clipped from plots clipped only in the fall. Increase 
in vigor of plants clipped only in the fall for the previous two years may 
also have contributed to this outcome. 
A comparison of the herbage yields of the nonirrigated and spring-
irrigated grass for clippings on June 13, 1961 compared to November 15, 1961 
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yields of plots not clipped in the spring (table 23) illustrates that there 
was less yield in November, even though summer and fall growth should have 
increased the fall weight. The difference between yields from a single 
clipping in the spring and in the fall was even more prominent in the 1962 
data (table 23). This loss in weight of herbage from spring to fall seemed 
to be due to a number of factors. During summer drought, many leaves dried 
and fell from the plants. Very little precipitation fell during August of 
1962 (table 8) and this may have contributed to the large differences ob­
served between spring and fall clipping in 1962. Even though the plots were 
fenced to keep out rabbits and livestock, damage by small rodents and grass­
hoppers also contributed to some of the herbage loss during the summer 
months. Herbage yield measurements in the spring and fall identify the 
quantity of forage available to livestock at these times, but they do not 
provide a good comparison of growth to determine response to treatments. 
To obtain a direct comparison of herbage yield after three years of 
treatments, plots of all treatments were clipped on June 16, 1964. Plots 
were not irrigated in 1964 prior to harvesting. These data are presented 
in table 26 and figure 20. The interaction of season of clipping and ir­
rigation was not statistically significant (table 26). Irrigation over the 
three years had a highly significant influence on herbage yield. Compari­
sons by Duncan's least significant range tests showed the 435 pounds per acre 
greater yield of the frequently irrigated grass compared to spring irrigated 
plots was significant at the 1% level. The 269 pounds greater yield of fre­
quently irrigated grass conpared to no irrigation was significant at the 5% 
level, and the 166 pounds greater yield of the nonirrigated grass conpared 
to the spring-irrigated plots was not significant. A consistent reduction 
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Table 26. Dry-weight herbage yield for intermediate ^eatgrass on 
June 16, 1964 after three years of irrigation and clipping 
treatments 
No 
irrigation 
Spring 
irrigation 
Clipping treatments 
Frequent 
irrigation 
Spring-
fall Fall 
Spring-
fall Fall 
Spring-
fall Fall Mean 
Irrigation means 
Clipping means 
(Pounds per acre) 
594 706 431 538 850 988 
650 484 919 
Spring-fall 625 Fall 744 684 
Analysis of variance for above data: 
Source 
Blocks 
Irrigation 
CIipping 
Clip X irrigation 
Experimental error 
Samples 
Degrees of freedom 
3 
2 
1 
2 
15 
2à 
Mean squares 
97,413.19 
768,906.25** 
169,218.75 
1,093.75 
89,204.86 
14,218.75 
Total 47 
** Significant at 1% level 
93 
1200 
1000 
800 
u 
o 
k. 
<0 
a. 
U) 
•o 
c 3 
O Û. 
600 
400 
200 
Clipped spring and fall 
Clipped fall only 
XX 
No Spring 
Irrigation 
Frequent 
Figure 20. Air-dry herbage yield of intermediate wheatgrass for June 
16, 1964 clipping 
.94 
of yield occurred with clipping spring and fall compared to clipping only in 
the fall (figure 20). The average reduction for all irrigation treatments 
was 119 pounds per acre less yield for grass clipped twice yearly for three 
years conç>ared to grass clipped only in the fall. This difference was not 
statistically significant. 
The differences in herbage yields on June 16, 1964 primarily were due 
to differences in the basal spread by rhizomes and the number of culms of 
intermediate wheatgrass in response to treatments from 1961 to 1964. Figure 
21 illustrates the almost con^lete lack of spread of the grass from the ini­
tial rows when clipped spring and fall and irrigated in the spring. Fall 
clipping with spring irrigation benefited basal spread of intermediate wheat-
grass (figure 22). Frequent irrigation allowed for basal increase even with 
spring and fall clipping (figure 23), but the number of culms and basal 
spread was much greater when clipped only in the fall (figure 24). The pho­
tos displayed in figures 21 to 24 support the hypothesis as previously dis­
cussed that a major effect of the clipping and irrigation treatments was on 
the survival of basal shoot and root buds during summer drought. 
Herbage weights were also recorded for sanples collected for chemical 
analyses and root weights. These data are presented in table 27, and the 
analysis of variances for these data in table 28. The July 6, 1961 and Au­
gust 4, 1962 data were not analyzed statistically because there was no herb­
age regrowth after clipping in the spring for two treatments on these dates. 
These herbage weights, along with the stages of herbage growth shown in 
table 29, provided a basis for discussing the annual growth pattern of inter­
mediate wheatgrass. In general, this species makes good growth in the very 
early spring, slows in growth during summer, and makes good growth again in 
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Figure 21. ^pearance of intermediate wheatgrass on plot receiving spring 
irrigation and clipped spring and fall—photo date was June 16, 
1964 
JPigure 22. Appearance of intermediate wheatgrass on plot receiving spring 
irrigation and clipped only in the fall—photo date was June 
16, 1964 
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Figure 23. i^pearance of intermediate vheatgrass on plot frequently irri­
gated and clipped spring and fall—photo date was June 16, 1964 
Figure 24 Appearance of intermediate wheatgrass on plot frequently irri­
gated and clipped only in the fall—photo date was June 16, 
1964 
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Table 27. Fresh weights of intermediate wheatgrass herbage with irriga­
tion and clipping treatments—1961 to 1964 
Irrigation treatments 
Sample date treatments None Spring Frequent Means 
(Grams per 36 sq. in. basal area) 
April 12, 1961 Prior to treatments 5.0 
July 1961 Spring and fall ..a —a 5.2 
Fall 33.8 53.8 39.7 
Means • -- — 22.4 --
Aug. 31, 1961 Spring and fall 9.4 6.4 32.6 16.2 
Fall 26.2 22.9 22.8 
^ans 14.4 16.3 27.8 19.5 
May 4, 1962 Spring and fall 28.8 29.4 36.6 31.6 
Fall 3W 6&t4 38.2 39.3 
Means 30.1 38.9 37.4 35.4 
Aug. 4, 1962 Spring and fall ..a —a 6.1 MM 
Fall 16.5 
. JLQil 17.8 
Means 
— 
-- 12.6 
— 
Sept. 27, 1963 Spring and fall 15.3 11.2 27.7 18.1 
Fall 16^ 25.0 32.2 
Means 16.1 18.1 41.2 25.1 
Ifov. 27, 1963 Spring and fall 12.6 
April 17, 1964 Spring and fall (clipped fall 1963 6.8 
Spring and fall (not clipped fall 1963) 11.2 
® No herbage regrowth following spring clipping 
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Table 28. Analysis of variance mean squares fbr data for three of the 
sangle dates shown in table 27 
Aug. 31, May 4, Sept. 7, 
Source Degrees of freedom 1961 1962 1963 
Blocks 3 3.19 1,208. 40* 235. 15 
Irrigation ^ 2 413.93** 179. 66 1,555. 86** 
Clipping 1 269.34** 356. 51 1,199. 20** 
Clip X irrig. 2 452.44** 189. 99 324. 81 
Error 15 38.41 310. 48 90. 26 
total 23 
• 
* Significant at 5% level 
** Significant at 1% level 
the fall. Herbage growth of this species was developed to about the 3-leaf 
stage of growth and 2 to 5 inches tall by as early as the middle of April 
in this study (table 29). Temperatures in March and April were frequently 
below 0 C at night. 
The intermediate wheatgrass on the study plots was at very nearly the 
same stage of growth, 3- to 4-leaf stage and 6 to 9 in. tall, on June 6, 
1963 as it was on May 4, 1962 (table 29). There was only 0.01 in. of pre­
cipitation in May of 1963 (table 8), and this retarded growth in 1963. For 
1961, 1962, and 1964, intermediate wheatgrass was in boot to early head 
stage of growth by the middle of June (table 29). 
Grass which was not clipped in the spring developed to seed dough stage 
by late July and early August with seed maturity in August. With no irriga­
tion or a single spring irrigation, few seed developed; even with frequent 
Table 29. Stages of intermediate wheatgrass herbage growth at sançling and clipping dates during the 
irrigation and clipping study--1961 to 1964 
Date 
Clipping 
treatment 
Irrigation treatments 
None Spring Frequent 
April 12, 1961 All 
June 13, 1961 All 
July 6, 1961 Spring and fall 
Fall 
Aug. 31, 1961 Spring and fall 
Fall 
Nov. 15, 1961 Spring and fall 
Fall 
2- to 3-leaf stage, 2 to 3 in. tall 
Boot to early head stage 
No regrowth 
Boot to late 
anthesis 
3- to 4-leaf stage 
5 to 6 in. tall 
Few filled seed and 
little new growth 
at base 
1.7 seed stalks per 
10 sq. ft. 
104 seed stalks per 
10 sq. ft. 
No regrowth 
Boot to late 
anthesis 
3- to 4-leaf stage, 
5 to 6 in. tall 
Few filled seed and 
little new growth 
at base 
1.3 seed stalks per 
10 sq. ft. 
106 seed stalks per 
10 sq. ft. 
2- to 4-leaf stage, 
3 to 6 in. tall 
Boot to late 
anthesis 
4- to 5-leaf stage, 
7 to 10 in. tall 
Some filled seed and 
and 7 to 8 in. of 
new growth at base 
5.7 seed stalks per 
id sq. ft. 
166 seed stalks per 
10 sq. ft. 
May 4, 1962 All 3- to 4-leaf stage, 7 to 11 in. tall 
June 15, 1962 All Boot to early head stage 
Table 29. (Continued) 
Date 
Clipping 
treatments None Spring Frequent 
Aug. 4, 1962 Spring and fall ^ regrowth No regrowth 
Fall 
June 6, 1963 All 
Sept. 27, 1963 Spring and fall 
November 14, 
1963 
Fall 
Spring and fall 
Fall 
Seed in dough stage Seed in dough stage 
3- to 4-leaf stage, 6 to 9 in. tall 
A few scattered seed A few scattered seed 
stalks, green 
regrowth at base 
Only a few filled 
seed 
4- to 5-leaf stage, 
6 to 7 in. tall 
New growth in 4- to 
5-leaf stage, a few 
spikes and seeds 
stalks, green 
regrowth at base 
Only a few filled 
seed 
4- to 5-leaf stage, 
a few seed stalks 
but no filled seed 
New growth in 4- to 
5-leaf stage, a few 
spikes and seeds 
itpril 17, 1964 Spring and fall 
3-leaf stage, 4 to 
7 in. tall 
Seed in dough stage 
Seed stalks present 
but seed not 
developed, abundant 
green regrowth 
Many seed stalks, 
many florets 
undeveloped 
4- to 5-leaf stage, 
seed stalks but most 
of seed not filled 
New growth in 4- to 
5-leaf stage, abundant 
spikes and some seeds 
3-leaf stage, 3 to 5 
in. tall 
June 16, 1964 All Boot stage of growth, 9 to 12 in. tall 
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irrigation, the seed crop was poor. 
Plants clipped in June made immediate regrowth on the frequently irri­
gated plots but did not make regrowth until late in July or August on non-
irrigated or spring-irrigated plots. The spring irrigation was prior to 
clipping in 1961 and 1962, Regrowth occurred in June of 1963 when the 
spring irrigation followed the spring clipping. 
The highly significant interaction for August 31, 1961 data (table 28) 
was caused by the very good herbage regrowth by grass clipped in the spring 
and irrigated frequently (table 27). This 32.6 g of herbage regrowth per 
36 sq in. basal area was greater than the 22.9 g of herbage harvested from 
plots not clipped in the spring. For the spring-clipped grass with no ir­
rigation or a single irrigation, the regrowth of clipped plots was not as 
great as growth on plots not clipped. The same trend is shown here as for 
herbage production on the 9.6 sq ft herbage yield plots. That is, the grass 
on nonirrigated plots showed slightly more late summer and fall regrowth 
than grass receiving a spring irrigation. A similar pattern was observed 
in the September 27, 1963 data. Frequent irrigation and fall clipping re­
sulted in the greatest yield on September 27, 1963 (table 27). 
The lack of statistical significance for treatments for the May 4, 1962 
samples (table 28) indicates that the treatments during 1961 had not great­
ly influenced plant vigor and yield by May of 1962. 
Boot development 
The mean root weight per 6-in. cube of soil was 21.3 - 2.86 fresh 
^ 95% confidence interval 
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; 
weight (table 30) on July 6, 1961. This sampling date was about three 
weeks after plots were clipped for the first time and there were no sig­
nificant differences in root weights attributable to treatments at this 
time (table 31). 
Samples collected August 31, 1961 showed an average of 13.7 - 0.51 g 
fresh weight of roots per 6-in. cube of sod. This was a mean decrease of 
7.6 g of roots per 2l6-cu in. sangle compared to July 6, 1961 samples and 
represented root loss in excess of growth during July and August. The per­
centage dry weight of roots in August was 49.7% compared to 40.6% in July, 
Some of the loss in root weight from July to August could be attributed to 
more root loss when the drier roots were washed from the soil in August. 
The treatment means for the August 31, 1961 root weights are shown in figure 
25. Root weights were higher for plots which had not been clipped than for 
grass which had been clipped on June 13, 1961. The root weights for clip­
ping treatments were significantly different (table 31). The greater root 
weights for fall-clipped grass, con^ared to spring- and fall-clipped grass, 
are likely the result of greater carbohydrate accumulation with fall clip­
ping. Treatment means for irrigation treatments were not significantly 
different and there was no significant interaction between irrigation and 
clipping treatments (table 31). 
The mean root weight on May 4, 1962 was 23.5 * 4,70 g (table 30), which 
represented a mean increase of 9,8 g over the root weights on August 31, 
1961. Irrigation treatments had the greatest influence on root weights, but 
the mean square for irrigation (table 31) was not quite significant at the 
5% level. Clipping and the interaction between irrigation and clipping were 
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Table 30. Intermediate vheatgrass root weights, means for each treatment 
at each saiq>ling date during irrigation and clipping study 
Clipping Irrigation treatments 
Sangle date treatment None Spring Frequent Means 
(&ams fresh weight per 6-in. cube of soil) 
July 6, 1961 Spring 
Fall 
and fall 18.9 
2àÀ 
18.0 
25.2 
22.1 
19.5 
19.7 
23,0 
Means 21.5 21.6 20.8 21.3 
Aug. 31, 1961 Spring 
Fall 
and fall 11.5 
16.0 
10.8 
16.9 
12.6 
Îàs5 
11.6 
15,8 
Means 13.8 13.9 13.5 13.7 
May 4, 1962 Spring 
Ball 
and fall 25.4 
20,6 
16.1 
11=6 
24.8 
36.4 
22.1 
30.6 
Means 23.0 16.9 30.6 23.5 
Aug. 4, 1962 Spring 
Fall 
and fall 23.1 
26.7 
22.2 
%8.0 
24.3 
Tàû. 
23.2 
23.1 
Means 24.9 20.0 24.5 23.2 
Sept. 27, 1963 Spring 
Fall 
and fall 43.9 
mi 
24.5 
àlA 
51.5 
63.2 
40.0 
Means 35.0 34.0 57.4 42.1 
Nov. 27, 1963 Spring and fall 53.9 
i^ril 17, 1964 Spring 
Spring 
and 
and 
fall (clipped fall 1963) 
fall (not clipped fall 1963) 
102.9 
78.4 
statistically nonsignificant (table 31). Apparently the fall regrowth of 
spring-clipped plots partially overcame any disadvantages of the spring 
clipping over fall clipping. 
The mean root weight on August 4, 1962 was 23.2 * 2.04 g (table 30). 
Table 31. Analysis of variance mean squares for data of table 30 
Degrees of July 6, Aug. 31, May 4, Aug. 4, Sept. 27, 
Source freedom 1961 1961 1962 1962 1963 
Blocks 3 29. 84 47, ,44* 327. ,16 33 .57 333. 32 
Irrigation 2 1, ,67 0. ,24 376. ,68 58 .12 1,403. 63** 
Clipping 1 65. 34 105. ,00* 44. ,55 .03 111. 53 
Irrig. X clip 2 53, .34 8. ,54 137. 65 .30 .72 751. 68* 
Error 11 43. 17 13. ,89 116. 44 21 .98 152. 74 
Total 23 
* Significant at the 5% level 
** Significant at the 1% level 
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This was very similar to the May 4, 1962 weight of 23.5 - 4.70 g. Root 
weights for all treatments were similar, and there were no statistically 
significant treatment influences, although the mean root weight result­
ing from the spring irrigation was 20.0 g conçared to 24.9 g and 24.5 g for 
the nonirrigated and frequently irrigated grass, respectively (table 30), 
June and July were very deficient in precipitation (table 8), and it 
is probable that little If any root growth occurred during June and July, 
Spring clipping, therefore, did not stop root growth because this had stop-
X-
ped earlier. Irrigation began in June and either did not greatly stimulate 
root growth, or any root growth in response to irrigation during the summer 
may have been offset by increased root decay in moist soil with summer ir­
rigation compared to no irrigation or a single spring irrigation. 
Root weights on September 27, 1963 represent cumulative effects of 
three years of treatments. On this date, there was a significant interac­
tion between irrigation and clipping treatments for the root weights (table 
31). The treatment means are displayed in figure 26. These data show a 
progressive increase in root weights with irrigation treatments when clipped 
only in the fall. These root weights were 26.1 g, 43.4 g, and 63.2 g for 
no Irrigation, spring irrigation, and frequent irrigation, respectively. 
Bor grass clipped in the spring and fall, however, root weights with spring 
irrigation were 24.5 g compared to 43.9 g for grass not irrigated and 51,5 g 
for frequently irrigated grass. This poor root weight which resulted from 
the combination of spring irrigation and spring clipping seemed to be cor­
related with poor fall herbage growth for the previous two years for this 
treatmeit. As previously discussed, the suggestion here is that possibly 
the combination of spring irrigation and spring clipping stimulated growth 
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108 
of basal buds. Without further irrigation, these buds succumbed to summer 
drought and were not available for fall growth. 
Frequently irrigated plots which had been clipped in the spring and 
fall during this study were sampled November 27, 1963, and the root weights 
on this date compared to sangles for this treatment on September 27, 1963 
and April 17, 1964. All saiq>les were for blocks of sod 4 in. x 4 in. by 6 
in. in depth. Weights were adjusted to 216 cu in. size of previous saiqples 
for comparisons. The mean root weight for this treatment on September 27, 
1963 was 51.5 - 13.2 g. On November 27, 1963 the root weight was 53.9 * 
17.0 g. These data indicate no change in root weight between these sanpling 
dates, although the wide confidence intervals allow for the possibility 
of considerable change. Young roots were observed on fall root samples, 
and data from the etiolation study indicated fall root growth. 
Half of each plot sasçled on November 27, 1963 was clipped at this time 
and half not clipped. The clipped and undipped grass was then sang>led on 
^ril 17, 1964. Root weights were 102.9 * 19.3 g for grass clipped in No­
vember of 1963 and 78.4 * 19.3 g for grass not clipped in November. The 
I 
herbage left on the undipped plots in November of 1963 was 744 pounds of 
air-dry weight per acre (table 23). Although the mew root weights were not 
significantly different for the small sançle, these data indicate a possible 
advantage to root growth with the removal of the herbage in November. Warm­
er daytime soil temperature would be expected when fall herbage was removed, 
and this may have benefited early root growth of intermediate wheatgrass. 
Basal buds may also have been stimulated by removing the late fall herbage. 
Pits were dug on blocks 1 and 2 of the irrigation and clipping study 
during August 23 to 25, 1964. Roots which penetrated through a 12 cu in. 
109 
bisect at each of three depths (12 in., 30 in., and 48 in.) were counted. 
These data and the analysis of variance for these data are shown in table 
32. Irrigation treatments influenced the number of roots observed at the 
% 
12-in. depth, but statistical significance above the 5% level was not shown 
tr 
with the limited sangle. The number of roots for spring irrigation was 35.2 
roots coitpared to 50.2 and 58.8 roots for the non irrigated and frequently 
irrigated treatments, respectively. These data support the findings of root 
weights on September 27, 1963, shown in figure 26. A single spring irriga­
tion was detrimental to root development in the surface soil. 
Clipping was the treatment which affected root numbers at the 30-in. 
depth. Grass clipped only in the fall averaged 11.2 roots per 12 cu in. 
con^ared to 5.3 roots for the spring and fall clipping treatment. Spring 
root growth was likely occurring in this zone when clipped in the spring, and 
spring clipping stopped further growth. The larger number of roots with fall 
clipping was particularly evident in the spring irrigation treatment (table 
32). The 30-in. depth was below the zone of Irrigation penetration in this 
study, but the few roots developed in the surface soil for spring-irrigated 
grass allowed more carbohydrates to go for root growth at deeper depths. 
At the 48-in. depth, the mean number of roots for fall clipping was 5.3 
conçared to 2.9 roots for plots clipped both spring and fall for the previous 
three years. There also was a slightly higher number of roots for frequent­
ly irrigated grass than for grass with lesser amounts of irrigation (table 
32). Sampling was not adequate, however, to show significance of these 
values. 
Maximum root depth was also determined from observations in pits dug on 
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Table 32. Numbers of roots at three depths for intermediate wheatgrass 
sampled August 25, 1964 after three years of irrigation and 
clipping treatments . 
Clipping Irrigation treatments 
Depth treatments None Spring Frequent Means 
(Number of roots per 12 cu. in. bisect at depth specified) 
12 inches Spring and fall 48.0 35.0 61.5 48.2 
Fall 52.5 35.5 56.0 48.0 
Means 50.2 35.2 58.8 48.1 
30 Inches Spring and fall 5.0 4.0 7.0 5.3 
Fall . 7.5 16.5 9.5 A1.2 
Means 6.2 10.2 8.2 8.2 
48 inches Spring and fall 3.0 1.8 4.0 2.9 
Fall 4.2 7.0 5.3 
Means 3.9 3.0 5.5 4.1 
Analysis of variance mean squares for above data: 
Degrees 
of Mean squares 
Source- freedom 12-in. death 30-in. death 48-in. demth* 
Blocks 1 2.09 0.75 51.04 
Irrigation 2 566.34 16.00 12.87 
Clip 1 0.09 102.08 35.04 
Irrig. X clip 2 25.33 33.34 0.80 
Error 
-1 123.88 16.95 19.14 
Total 12 
Subsauq^les vere counted here for a sangle mean square of 4.46 
with 12 degrees of freedom 
Il l  
the tw blocks of the study area. The nonirrlgated grass had roots which 
penetrated to 73.0 in. con^ared to 62.0 and 64.0 in. for spring irrigation 
and frequent irrigation, respectively (table 33). Reserves were utilized 
for root growth at deeper depths where there was moisture rather than at 
the shallow depths where there was no moisture on nonirrigated plots, clip­
ping also influenced root depth, especially with no irrigation or irrigation 
only in the spring. Deeper root penetration was observed for grass clipped 
only in the fall. These data are for a situation where moisture was not 
limiting below the 36- to 40-in. depth. 
Chemical analyses 
The first sanples were collected prior to any treatments, on April 14, 
1961 when intermediate wheatgrass was at the 2- to 3-leaf stage of growth. 
The total water-soluble carbohydrate content in the roots was 15.47 mg glu­
cose equivalent per gram fresh weight (table 34). The carbohydrate level 
of stem bases was 14.42 mg (table 35) and of herbage 41.91 mg (table 36), 
These quantities of reserve carbohydrates for roots and stem bases were the 
lowest found during the study. The leVel of carbohydrates in herbage was 
also low compared to late summer and fall determinations for grass not clip­
ped in the spring. 
Carbohydrate levels in roots from treatments sampled July 6, 1961 were 
not significantly different (table 37), although the data shown in figure 
27 indicates a slight increase in carbohydrate levels of plants not clipped 
on June 13, 1961 compared to those which were clipped on this date. Carbo­
hydrate content of stem bases was much greater for plants not clipped in the 
spring congiared to plants clipped in the spring when irrigated, but little 
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Table 33. Maximum root depth for intermediate wheatgrass sampled 
August 25, 1964 after three years of Irrigation and clipping 
treatments 
Clipping Irrigation treatments 
treatments None Spring Frequent Means 
(Inches) 
Spring and fall 67.0 58.5 63.5 63.0 
Fall 79.0 65.5 66.5 69.7 
Means 73.0 62.0 64.0 66.3 
Analysis of variance for above data: 
Source Degrees of freedom Mean squares 
Blocks 1 133.34 
Irrigation 2 137.34 
Clipping 1 133.34 
Irrig. X clip 2 30.33 
Error 
_A_ 42.53 
Ttftal 11 
different for nonirrigated grass (table 35 and figure 27). The nonirri-
gated grass was dormant and reserves of stem bases were not greatly influ­
enced whether clipped or not. Irrigated grass which was not clipped in the 
spring continued to manufacture carbohydrates and these reserves accumulated 
in the stem bases. For clipped and irrigated grass, respiration and growth 
activities utilized reserves of stem bases. The total water-soluble carbo­
hydrate levels of herbage on July 6, 1961 are also si»wn in figure 27. 
These data show the relatively high levels of water-soluble carbohydrates in 
forage at the late boot to anthesis stage of growth compared to levels in 
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Table 34. Total vater-woluble carbohydrates in intermediate wheatgrass 
roots during irrigation and clipping study—1961 to 1964 
Clipping Irrigation treatments 
Sançle date treatments None %)ring Frequent Means 
(Milligrams of glucose equivalent per gtam fresh weight) 
^ril 12, 1961 Prior to treatments 15.47 
July 6, 1961 Spring 
Fall 
and fall . 40.48 
50,52 
47.87 
54.69 
49.90 
52.79 
46.08 
52.67 
Means 45.50 51.28 51.34 49.37 
Aug. 31, 1961 Spring 
Fall 
and fall 42.75 
68.16 
48.34 
72.43 
60.41 
55.44 
50.50 
65.34 
Means 55.45 60.38 57.93 57.92 
May 4, 1962 Spring 
Fall 
and fall 62.59 
57.88 
73.59 
63.95 
54.78 
54.44 
63.65 
58,76 
Means 60.24 68.77 54.61 61.21 
Aug. 4, 1962 Spring 
Fall 
and fall 58.73 
69,56 
59.90 
72,57 
58.70 
74.99 
59.11 
72.37 
Means 64.14 66.24 66.84 65.74 
Sept. 27, 1963 Spring 
Fall 
and fall 35.30 
32,89 
67.47 
50.94 
56.12 
60.02 
52.96 
47.95 
Means 34.09 59.20 58.07 50.46 
Nov. 27, 1963 Spring and fall 62.05 
^ril 17, 1964 Spring and fall 
Spring and fall 
(clipped fall 1963) 18.27 
(not clipped fall 1963) 20.12 
114 
Table 35. Total water-soluble carbohydrates in intermediate wheatgrass 
stem bases during irrigation and clipping study—1961 to 1964 
CIipping Irrigation treatments 
Sangle date treatments None Spring Frequent ïfeans 
(Milligrams of glucose equivalent per gram fresh weight) 
April 12, 1961 Prior to treatments 14.42 
July 6, 1961 Spring 
Fall 
and fall 30.12 
3?.01 
25.62 
44.28 
20.79 
41.75 
25.51 
39.68 
Means 31.56 34.95 31.27 32.60 
Aug. 31, 1961 Spring 
Fall 
and fall 30.87 
40.80 
25.44 
51.11 
27.82 
35.87 
28.04 
42,59 
Means 35.84 38.28 31.84 35.32 
May 4, 1961 Spring 
Fall 
and fall 43.41 
27.81 
46.01 
41.80 
29.45 
44.83 
39.62 
38.15 
Means 35.61 43.91 ' 37.14 38.88 
Aug. 4, 1962 Spring 
Fall 
and fall 33.15 
59,27 
37.06 
59.12 
34.35 
44.I8 
34.85 
54.19 
>feans 44.21 48.09 39.26 44.52 
Sept. 27, 1963 Spring 
Fall 
and fall 20.00 
20,78 
30.36 
34.12 
35.75 
41.06 
28.70 
31.99 
Means 20.39 32.24 38.40 30.68 
Nov. 27, 1963 Spring and fall 33.11 
April 17, 1964 Spring and fall (clipped fall 1963) 12.27 
Spring and fall (not clipped fall 1963) 11.19 
115 
Table 36. Total water-soluble carbohydrates in intermediate \dieatgrass 
herbage during irrigation and clipping study—1961 to 1964 
Clipping Irrigation treatments 
Sangle date treatments None %ring Frequent Means 
(Milligrams of glucose equivalent per gram fresh weight) 
April 12, 1961 Prior to treatments 41.91 
July 6, 1961 Spring and fall _.a a 21.60 mm 
Fall . 59,80 74,80 71.80 68.60 
Means - - — 46.40 - -
Aug. 31, 1961 Spring and fall 22.78 20.16 22.62 21.85 
Fall 54.90 77.37 59,63 63.97 
Means 38.84 48.76 41.12 42.91 
May 4, 1962 Spring and fall 54.07 53.65 43.93 50.55 
Fall 4%.84 35.18 35.22 37.75 
Means 48.46 44.42 39.58 44.15 
Aug. 4, 1962 Spring and fall __a __a 37.84 mm 
Fall 98.57 - 89.14 99,47 95.73 
Means 
— 
-- 68.66 --
Sept. 27, 1963 Spring and fall 37.68 68.20 79.26 61.71 
Fall 36.89 80.82 97.66 71.79 
Means 37.28 74.51 88.46 66.75 
Nov. 27, 1963 Spring and fall 73.78 
^ril 17, 1964 Spring and fall (clipped fall 1963) 56.63 
Spring and fall (not clipped fall 1963) 53.42 
® No regrowth following spring clipping 
Table 37. Analysis of variance mean squares for data of table 34 
Degrees of July 6, Aug. 31, May 4, Aug. 4, Sept . 27, 
Source freedom 1961 1961 1962 1962 1963 
Blocks 3 365. 63 170. 32 733. 41 147. 39 142. 61 
Irrigation 2 90. 18 48. 58 406. 43 16. 10 1,609. 18* 
Clipping 1 260. 17 1,321. 65** 143. 72 1,054. 70** 150. 75 
Irrig. X clip 2 25. 64 589. 46* 43. 36 15. 51 218. 84 
Error 15 143. 03 120. 19 
\ , . 
120. 90 70. 61 277. 84 
* Significant at 5% level 
** Significant at 1% level 
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regrowth herbage at the 2- to 4-leaf stage of growth which occurred on the 
frequently irrigated plots following spring clipping. 
Clipping had a highly significant influence on total water-soluble 
carbohydrate levels in roots on August 31, 1961 (table 37), and the inter­
action of clipping and irrigation was significant at the 5% level. The total 
water-soluble carbohydrate levels in roots by treatments are plotted in fig­
ure 28 and show that the carbohydrate levels of fall-clipped plants which 
were not irrigated or irrigated in the spring only were 68.16 mg and 72.43 mg 
of glucose equivalent, respectively, compared to 42.75 mg and 48.34 mg for 
plants which had been clipped in the spring and not irrigated or irrigated 
only in the spring. Plants not clipped in the spring continued to accumu­
late reserves during the summer. For the frequently irrigated plots, how­
ever, the total water-soluble carbohydrates in the roots were slightly higher 
for plants clipped on June 13, 1961 than for plants not clipped. This ac­
counted for the significant interaction. The regrowth herbage on the fre­
quently irrigated plots was at the 4- to 5-leaf stage of growth and 7 to 10 
in. tall when saspled. This was adequate herbage to produce carbohydrates 
for storage. High quantities of carbohydrates did not accunailate in tissue 
of the frequently irrigated and fall-clipped grass because new growth had 
begun at the base of the plant by August 31, 1961 (table 29), and reserves 
had been Utilized to initiate this growth. 
Total water-soluble carbohydrates in stem bases on August 31, 1961 fol­
lowed very nearly the same trend for treatments as in the roots (figure 28). 
The total water-soluble carbohydrates of undipped plants averaged 42.59 mg 
of glucose equivalent per gram fresh weight, con^ared to 28.04 mg for stem 
bases of plants clipped on June 13, 1961 (table 35). This higher quantity 
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for undipped plants was present in the three irrigation treatments (figure 
28). The stem bases of the spring-irrigated and the undipped grass contain­
ed 51.11 mg of glucose equivalent per gram of fresh weight. This was the 
highest carbohydrate level of any treatment. The high carbohydrate content 
of plants which were irrigated in the spring but not clipped was particu­
larly prominant in the herbage (figure 28). This combination of irrigation 
and clipping provided for a build-up of reserves in the spring, but the 2.71 
inches of moisture in August (table 8) had not stimulated growth of grass 
receiving this treatment to utilize these reserves by August 31, 1961. 
The mean total water-soluble carbohydrate content in roots of treated 
plants sampled May 4, 1962 was 61.21 mg of glucose equivalent per gram of 
fresh weight. Differences due to treatments were not statistically signif­
icant (table 37), although the data of figure 29 show that reserves of roots, 
stem bases, and herbage of plants clipped spring and fall of 1961 were gen­
erally higher than for plants clipped only in the fall of 1961. The reserves 
of frequently irrigated grass also tended to be lower than reserves of plants 
not irrigated or irrigated only in the spring (figure 29). The grass was 
at the 3- to 4-leaf stage of growth and 7 to 11 in. tall when san^led. Car­
bohydrate quantities at this stage of growth were the result of heavy spring 
use of reserves for growth. More roots (table 30) and more culms were pres­
ent for irrigated grass and fall-clipped grass; therefore, the utilization 
of carbohydrate reserves by grass receiving these treatments was greater 
than for grass not irrigated or clipped spring and fall. 
By August 4, 1962, any advantage in carbohydrate reserves on May 4, 1962 
which spring- and fall-clipped plants had over fall-clipped plants was elim­
inated by the June 15, 1962 clipping. Datt) in figure 30 show fall-clipped 
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plants were much higher in total water-soluble carbohydrates of roots, stem 
bases, and herbage than spring- and fall-clipped plants. These results are 
similar to those found in August 1961 (figure 28), Clipping had a highly 
significant influence on content of carbohydrates in roots. Irrigation 
treatments and the interaction between clipping and irrigation were nonsig­
nificant (table 37). The frequently irrigated and spring-clipped grass had 
grown herbage to the 3-leaf stage and 4 to 7 inches tall by August 4, 1962. 
Reserves at this stage of growth for this treatment were near the levels of 
the nonirrigated and spring-irrigated grass for which the grass remained 
dormant following clipping in the spring. These data indicate that either 
reserves were not seriously depleted for this summer regrowth or there was 
a very early recovery of reserves. 
Carbohydrate data for samples collected September 27, 1963 are present­
ed in figure 31. These data show an increase in total water-soluble carbo­
hydrates of roots, stem bases, and herbage with increasing amounts of water, 
with or without spring clipping. The influence of irrigation treatments on 
carbohydrate quantities in roots was statistically significant (table 37). 
Stem base and herbage data were from con^osite seag)les and were not tested 
statistically. These data are for the grass following a very dry May, June, 
and July and then 4.31 in. of precipitation in August and 1.61 in. in Sep­
tember (table 8). Irrigation treatments increased plant growth during the 
dry June and July period. The precipitaion during August stimulated growth 
on all treatment plots, and interpretation of carbohydrate quantities as 
determined for the September 27, 1963 sangles must take into account that 
plants were sanpled during an active fall growth period. 
The very low carbohydrate reserves in roots, stem bases, and herbage 
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for grass •which was not irrigated (figure 31) are the result of heavy de­
mands on reserves fOr new growth following drought dormancy. The young stage 
of growth of the herbage when sampled is shown by the low reserves in herbage 
of the nonirrigated grass (figure 31), The weight of roots under the non-
irrigated and spring- and fall-clippsd grass was particularly high when sam-
pled September 27, 1963 (figure 26)» Low carbohydrate quantities may have 
resulted from root growth to produce this high root wéight or carbohydrates 
were diluted by translocation to a much greater root system. As a contrast 
to this, the highest reserves in roots were in tissue of the spring-irrigated 
and spring- and fall-clipped grass (figure 31). Root weights on September 
27, 1963 were very low for this treatment (figure 26). Carbohydrate quanti­
ties in roots, stem bases, and herbage, during the fall growth period when 
san^led September 27, 1963 were closely related to stage of plant growth 
and weight of roots. 
The grass on spring- and fall-clipped and frequently irrigated plots 
was sanpled on November 27, 1963. Root carbohydrates on this date were 62.05 
mg compared to 56.12 mg of glucose equivalent per gram fresh weight for this 
treatment on September 27, 1963 (table 34 and figure 32). The carbohydrates 
of stem bases showed a slight decrease during this period (table 35) as also 
did the total water-soluble carbohydrates of the herbage (table 36). The 
decrease in reserves of herbage and stem bases and the slight rise in root 
carbohydrates show translocation of reserves to roots during this period. 
The carbohydrate content of roots of plants on spring- and fall-clipped 
and frequently irrigated plots which were clipped in November 1963 was 18.27 
mg on April 17, 1964 and 20.12 mg of glucose equivalent per gram fresh weight 
for intermediate lAeatgrass not clipped in November (table 34). The 
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carbohydrate content of stem bases on April 17, 1964 (table 35) vas 12.27 mg 
of glucose equivalent for plants clipped in November 1963 coiq>ared to 11.19 
mg for plants not clipped at this time. There vas no apparent influence of 
November clipping on carbohydrate levels on ^ ril 17, 1964. 
The total vater-soluble carbohydrate quantities in the roots of inter­
mediate vheatgrass which was frequently irrigated and clipped in the spring 
and fall from 1961 to 1964 are shown in figure 32. These data show that low 
quantities of carbohydrates occurred in early ^ ril when the grass was at 
the 2- to 3-leaf stage of growth and less than 5 in. tall (table 29). Data 
of table 30 show an abundant increase in root weight between November 27, 
1963 and April 17, 1964. The low ^ ril reserve levels were the result of 
utilization of reserves for root and herbage growth. Total water-soluble 
carbohydrates accumulated rapidly at an early stage of growth for intermedi­
ate wheatgrass. Reserves reached quantities of 50 mg glucose equivalent 
pèf gram of fresh weight of roots by about the 3- to 4-leaf stage of growth 
and when about 6 in. tall. Reserves accumulated at a much slower rate after 
this initial increase. 
Replicated saiiçles were conqposited and a single determination for total 
nitrogen made for each treatment and sanple date. These data are displayed 
in table 38 for roots and in table 39 for herbage. 
There was no apparent relationship between treatments and nitrogen per 
^am of fresh weight of roots except that there was 4.58 mg of nitrogen per 
gram fresh weight in root samples of frequently irrigated grass on Septemb^er 
27, 1963 con^ared to 6.22 mg and 6.18 mg for nonirrigated and spring irri­
gation treatments, respectively. These data indicate the possibility of ni­
trogen being deficient for frequently irrigated plots during the latter part 
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Table 38. Total nitrogen content of intermediate vheatgrass roots with 
irrigation and clipping treatments—1961 to 1963 
CIipping Irrigation treatments 
Sangle date treatments None Spring Frequent Means 
(Milligrams of nitrogen per gram fresh weight) 
April 12, 1961 Prior to treatments 4.30 
July 6, 1961 Spring and fall 
Fall 
5.77 
Ai92 
6.58 
4.80 
4.63 
5.63 
5.66 
hll 
Means 5.34 5.69 5.13 5.39 
Aug. 31, 1961 Spring and fall 
Fall 
6.09 
6.43 
5.52 
6.60 
6.11 
5.30 
5.91 
6.11 
Means 6.26 6.06 5.70 6.01 
May 4, 1962 Spring and fall 
Fall 
4.13 
4.02 
4.39 
5aA2 
5.33 
3.57 
4.62 
&34 
Means 4.08 4.90 4.45 4.48 
Aug. 4, 1962 Spring and fall 
Fall 
4.82 
ItM 
4.70 
6.16 
5.03 
4.93 
4.85 
5.58 
I^ans 5.23 5.43 4.98 5.22 
Sept. 27, 1963 Spring and fall 
Fall 
6.18 
6.26 
6.03 
6.34 
4.81 
4.35 
5.67 
5.65 
Means 6.22 6.18 4.58 5.66 
Nov. 27, 1963 Spring and fall 4.50 
of this study. Other sample dates when nitrogen in roots was below 4.50 mg 
per gram fresh weight were for sangles.collected in April and May. Reduced 
nitrogen availability with cold spring tençerature could have caused these 
low values. 
The predominant influence on nitrog^ content of herbage was stage of 
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Table 39. Total nitrogen content of intermediate wheatgrass herbage with 
irrigation and clipping treatments--1961 to 1963 
Clipping Irrigation treatments 
Sasçle date treatments None Spring Frequent Means 
(Milligrams of nitrogen per gram fresh weight) 
April 12, 1961 Prior to treatments 16.34 
July 6, 1961 Spring and fall a a 10.14 MM 
Fall 5.79 5.01 5.87 5.56 
Means - - - - 8.00 
— 
Aug. 31, 1961 Spring and fall 10.22 9.00 9.72 9.65 
Fall 7.36 5.85 8.28 7.16 
Means 8.79 7.42 9.00 8.40 
May 4, 1962 Spring and fall 8.61 9.66 9.76 9.34 
Fall 10.60 9.88 9.50 9.99 
Means 9.60 9.77 9.63 9.66 
Aug. 4, 1962 Spring and fall a • _a 12.80 
Fall 8.64 7.69 8.77 8.37 
Means - - -- 10.78 - -
Sept. 27, 1963 Spring and fall 13.40 12.23 6.99 10.87 
Fall 9.58 11.64 7.16 9.46 
Means 11.49 11.94, 7.08 10.16 
Nov. 27, 1963 Spring and fall 6.69 
® No herbage regrowth following spring clipping 
growth. Young, leafy growth had a nitrogen content as high as 16.34 mg per 
gram of fresh weight which occurred in\April 12, 1961 sanç>les of herbage 
at the 2- to 3-leaf stage of growth. The lowest values of 5.01 to 5.87 mg 
of nitrogen per gram of fresh weight were reported for sanples collected 
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July 6, 1961 for grass vhich was at boot to late anthesis stage of growth.. 
This apparent decrease in nitrogen with maturity is largely the result of 
carbohydrate accumulation. £3q>ression of nitrogen as a percent dry-weight 
magnifies the apparent decrease. Clipping and irrigation treatments influ­
enced nitrogen content of herbage by influencing stage of growth and carbo­
hydrate accumulation* 
On September 27, 1963, the nitrogen level of herbage of plants on plots 
which had been frequently irrigated was low conçared to the other two irri­
gation treatments. The nitrogen content of the herbage of frequently irri­
gated grass was 7.08 mg of nitrogen per gram fresh ^ ight coiqpared to 11.49 
mg and 11.94 mg of nitrogen in herbage of nonirrigated and spring-irrigated 
grass (table 39). Again, as for roots, these data indicate deficient nitro­
gen on plots which had received the frequent irrigations. 
Soil temperatures and moisture 
Data from soil temperature measurements from August 16 to 24, 1962 are 
given in table 40. Clipped plots averaged approximately 3.0 C warmer at the 
2-in. depth in the sod than the plots with undipped grass. These tengxera-
tures were for the early afternoon. Other observations showed that these 
tenq>erature differences were not evident at 8:00 pm and the differences did 
not begin to develop until after 9:45 am. The higher tenteratures on the 
clipped plots were characteristic of the afternoons and were caused by the 
lack of shade for the crowns of clipped plants. Basal buds of clipped plants 
were subjected to higher tenperatures than were buds of undipped plants; 
therefore, damage during drought may have been more severe. Lower tender-
atures were recorded for moist soil under plant crowns. Tenperatuires under 
Table 60. Mean soil teiqperatures at 2-inch depth beneath intermediate vheatgrass sod with clipping 
and irrigation treatments—sang*led August 16 to 24, 1962 
No irrigation Soring irrigation Freauent irrigation 
Date Time 
CI ipped 
spring 
and fall 
Clipped 
fall 
only Dif. 
CIipped 
spring 
and fall 
CIipped 
fall 
only Dif. 
Clipped 
spring 
and fall 
CIipped 
fall 
onlv Dif. 
(Degrees C) 
Aug. 16 2:30 pm 30.5 28.0 2.5 32.0 29.0 3.0 24.5 24.0 0.5 
Aug. 18 1:30 pm 26.0 25.0 1.0 27.0 25.0 2.0 21.0 21.0 0.0 
Aug. 20 2:00 pm 32.5 29.5 3.0 34.0 30.5 3.5 28.5 26.0 2.5 
Aug. 24 2:30 pm 31.0 28.0 3.0 33.0 29.5 3.5 29.0 27.0 2.0 
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the sod on irrigated plots were consistently cooler at the 2-in. depth by 
as much as 6 degrees, soon after irrigation, but this difference became less 
as the soil dried. Differences in ten^eratures under clipped and undipped 
stubble also were small immediately after irrigation. 
Data from periodic soil moisture measurements are shown in table 41. 
These data show that the surface 36 inches of soil was below the 15 atmos­
phere soil moisture level by June of each year of the study except immedi­
ately after precipitation or irrigation. The percent moisture held in the 
soil at 15 atmosphères was 13.02% for the soil at the 0- to 12-in. depth 
and 9.15% for the 12- to 24-in. depth. Each irrigation wetted the surface 
10 to 12 Inches of soil. Moisture samples on May 22, 1964 showed the sur­
face 36 inches to be dried beyond the 15 atmosphere level by this early date. 
Plants utilized moisture when available after storms and irrigation and 
were able to remain green when moisture in the surface 36 inches was below 
the classical permanent wilting point of 15 atmospheres. There was a layer 
of sand in the profile between the 30- and 36-in. depth (figure 13). Below 
this level, there was available moisture throughout the study period. Roots 
penetrated well into this zone (tables 32 and 33), and moisture from this 
depth was presumably utilized by the wheatgrass. Moisture from below the 
36-in. depth, however, was not adequate to initiate herbage growth following 
clipping in June of 1961 and 1962. Regrowth had also not begun by August 
23, 1964 on plots clipped for forage production on June 16, 1964. Regrowth 
following spring clipping occurred only when the surface soil was wetted 
by irrigation or precipitation. 
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Table 41. Mean soil moisture percentages beneath intermediate wheatgrass 
sod with irrigation and clipping treatments—1961 to 1964 
Sangle date 
Depth in Clipping Irrigation treatments 
inches treatments None Spring Frequent Means 
(Percent) 
June 16, 1961 
0 - 1 2  %ring and fall 5.2 7.2 16.2 9.5 
Fall 5.6 7.8 14.0 9.1 
12 - 24 Spring and fall 5.4 6.6 9.5 7.2 
Fall 6.8 6.2 6.4 6.5 
24 - 36 Spring and fall 3.6 5.9 4.8 4.8 
Fall 4&6 3^ 4.5 
Means 5.4 6.4 9.0 6.9 
June 8, 1962 
0 - 1 2  Spring and fall 7.2 17.4 17.5 14.0 
Fall 7.2 17.4 17.1 13.9 
12 - 24 Spring and fall 5.8 8.1 7.2 7.0 
Fall 6.2 7.2 6.6 6.7 
24 - 36 Spring and fall 3.7 5.2 4.2 4.4 
Fall hi 3.9 4.1 
Means 5.9 9.9 9.3 8.4 
June 27, 1962 
0 - 1 2  Spring and fall 6.3 7.2 13.8 9.1 
Fall 6.2 7.6 14.8 9.5 
12 - 24 Spring and fall 6.8 6.5 6.8 6.7 
Fall 8.8 7.7 5.9 7.5 
24-36 Spring and fall 3.2 4.6 3.4 3.7 
Fall 5.2 4.2 4.1 4.5 
36 - 48 Spring and fall 5.6 12.8 10.8 9.7 
Fall 13.4 3.3 4.2 7.0 
48 - 60 Spring and fall 8.2 19.2 12.2 13.2 
Fall i&e 5.7 9.8 
Means 8.2 7.8 8.2 8.1 
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Table 41. (Continued) 
Sanqple date 
Depth in Clipping Irrigation treatments 
inches treatments None Spring Frequent Means 
(Percent) 
July 23, 1962 
0 - 12 Spring and fall 6.3 6.8 8.3 7.1 
Fall 5.6 6.3 7.5 6.5 
12 - 24 Spring and fall 5.9 6.8 7.1 6.6 
Fall 6.1 6.4 5.3 5.9 
24 - 36 Spring and fall 3.7 3.4 4.0 3.7 
Fall 3.2 3.5 3.3 3.3 
36 - 48 Spring and fall 6.1 7.0 7.2 6.8 
Fall 5.1 3.6 4.4 4.4 
48 - 60 Spring and fall 10.8. 11.4 10.1 10.8 
Fall 7.6 8.2 6.7 7.5 
Means - 6.0 6.3 6.4 6.3 
i 7, . 1963 
0 
- 12 Spring and fall 8.7 8.4 8.4 8.5 
Fall 8.2 7.7 7.5 7.8 
12 - 24 Spring and fall 6.2 6.9 7.6 6.9 
Fall 5.9 6.9 6.0 6.3 
24 - 36 Spring and fall 4.0 4.4 5.2 4.5 
Fall 4.4 3.6 3.1 3.7 
36 - 48 Spring and fall 6.9 7.2 6.5 6.9 
Fall 6^ 5.5 5.5 
Means 6.4 6.3 6.1 6.3 
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Table 41« (Continued) 
Sample date 
Depth in Clipping Irrigation treatments 
inches treatments None Spring Frequent Means 
(Percent) 
May 22, 1964 
0 - 1 2  Spring and fall 10.2 8.2 8.6 9.0 
Fall 
-
11.6 11.4 8.9 10.6 
12 - 24 Spring and fall 7.9 7.0 8.8 7.9 
Fall 11.9 7.6 5.2 8.2 
24 - 36 Spring and fall 3.4 6.9 5.0 5.1 
Fall 6-.7 4.2 3.5 4.8 
36 - 48 Spring and fall 6.7 9.1 10.6 8.8 
Fall 9.3 8.2 3.8 7.1 
Means 8.5 7.8 6.8 7.7 
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DISCUSSION 
The reserve carbohydrates of intermediate wheatgrass were shown to be 
sucrose and fructosans. A large portion of the fructosan fraction was ex­
tracted in an 80% ethanol extract and this characteristic of fructosans 
must be recognized when working with plants which contain these polysacchar­
ides. Dr. Dale Smith, Professor of Agronomy at the University of Wisconsin, 
has shown some characteristic differences in the solubility of fructosans of 
grass species in varying concentrations of alcohol^. De Cugnac (22) class­
ified a number of grasses by the carbohydrates they stored as reserves and 
suggested that the grasses which store fructosans might be subdivided into 
those where the fructosans are hydrolyzable by sucrase and those where the 
fructosans are not hydrolyzable by sucrase. He listed the Agropvron genus 
as one which contained fructosans not hydrolyzable by sucrase. I found the 
fructosans of intermediate wheatgrass were not hydrolyzable by sucrase. 
Much additional knowledge 16 required on the nature of the fructosans of 
grasses. 
Reducing sugars, sucrose, and fructosans of intermediate trtieatgrass were 
extracted in water held in a boiling water bath and these carbohydrates re­
ported as total water-soluble carbohydrates. This combined analysis was 
rapid and showed the carbohydrate reserve trends which are of interest in 
grazing studies. The hot water extracts were cleared with lead acetate in 
the current study, but clearing probably is not necessary if a 1 + 100 
HCl hydrolysis in a boiling water bath is utilized. For stronger hydrolyses, 
^ From discussions with Or. Smith following lectures at the University 
of Arizona. 
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clearing may be necessary. 
Intermediate vheatgrass accumulated carbohydrate reserves rapidly at 
an early stage of growth, by the 3- to 4-leaf stage. This is a patters sim­
ilar to that shown for crested wheatgrass by Hyder and Sneva (39) but dif­
ferent from the trends shown for a number of other grasses by Mc Carty (56, 
57, 58, and 78) where storage was toward the end of the growth cycle. This 
early accumulation of reserves by intermediate wheatgrass makes this a spe­
cies which can recover quickly with a small amount of regrowth following 
herbage removal. 
High carbohydrate quantities in roots and stem bases during the late 
spring and summer months represented a favorable response to treatments be­
cause it showed favorable production of carbohydrates. High carbohydrates 
in late September and early spring, however, seemed to be correlated with 
reduced root and shoot development and consequently reflected poor growth 
to utilize reserves. Reserves remained high when a factor other than reserve 
level limited growth which would utilize the reserve. 
Data showed root growth of intermediate wheatgrass occurred in the fall 
and also that there was a considerable increase in root weight between No­
vember and i^ril. Root weights declined in the summer and irrigation did 
not prevent the decline. Herbage growth also was much greater in the spring 
and fall than in the summer. Irrigation in the summer produced a significant 
increase in herbage over plots not irrigated, but tMs, increased herbage 
would not justify irrigation during the summer. Irrigation should be con­
centrated in the spring and fall. Spring and fall irrigation would favor 
root and herbage growth. 
Close and continued grazing in the very early spring would stop root 
137 
growth and deplete reserve carbohydrates of intermediate wheatgrass. Vith 
a period allowed for growth with favorable moisture following grazing, how­
ever, this species would recover carbohydrates rapidly. Thus, early clip­
ping and then rest might not be very detrimental. 
The reduction in plant vigor which was caused by a single clipping at 
boot stage of growth was not the result of low carbohydrate reserves or 
root growth stoppage. It was the result of subjecting the basal buds of 
the plant to intensified summer ten^eratures during summer drought by re­
moving herbage which would protect the stem bases from extreme summer tem­
peratures. Plants which were not irrigated became hardened and survived the 
summer drought better than plants irrigated in the late spring. Removal 
of herbage in November did not seem to be detrimental to spring growth of 
intermediate wheatgrass. This species is much more cold hardy than summer 
drought hardy. 
The vigor of intermediate wheatgrass, then, might be influenced by re­
ducing carbohydrate reserves and root growth by grazing in early spring or 
in the fall, but the influence of late spring grazing is on subjection of 
the basal buds of the plant to higher summer tenteratures. 
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SUMMARY 
1. Oven killing vas satisfactory for killing intermediate vheatgrass tis­
sue for total water-soluble carbohydrate analyses. 
2. Total vater-soluble carbohydrates of intermediate vheatgrass tissue 
were extracted in a boiling water bath and hydro1yzed with 1 + 100 HCl 
for one-half hour in a boiling \mter bath. Total carbohydrates obtain­
ed by this method agreed, closely with the sum of individual fractions 
and were shown to be reserves by etiolation studies. 
3. Eighty percent alcohol extracts of roots and stem bases of intermediate 
wheatgrass were shown to contain reducing sugars, sucrose, and an addi­
tional carbohydrate fraction which was hydro1yzed by a mild acid hydrol­
ysis but not by sucrase. 
4. The hydrolysis product cf total water-soluble carbohydrates of interme­
diate wheatgrass roots and stern bases was primarily fructose, as shown 
by paper chromatogcnphy. The iodine test for starch was negative for 
roots and stem bases. Most of the polysaccharide reserves were thus 
shown to be fructosans. 
5. Root growth occurred in the fall and early spring, and root weights 
decreased during the summer. Summer irrigation did not prevent the 
decline of roots during the summer. 
6. A single, late spring irrigation i%s detrimental to intermediate wheat-
grass, especially in combination with spring clipping. This influence 
was not explained by carbohydrate reserve levels of roots and stem bases, 
but rather by the stimulation of growth of root and shoot buds in the 
spring which succumbed to summer drought and were not replaced for fall 
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regrowth. 
7. Late fall clipping benefited intermediate vheatgrass plants by pro­
viding for higher reserve carbohydrates and root weights at the end of 
the summer con^ared to plants clipped in the spring and fall. When 
moisture was available in the fall, however, regrowth of spring-
clipped plants partially offset this advantage and the net effect on 
plant vigor after 3 years of treatment was small. 
8. Total water-soluble carbohydrate content of herbage of intermediate 
wheatgrass was correlated with stage of growth. Reserves were low 
in young tissue and increased as tissue matured. 
9. Total 'water-soluble carbohydrate content of roots and stem bases of 
intermediate wheatgrass was determined by the balance between produc­
tion in the leaves and utilization for growth. Root growth drew heav­
ily on these reserves. When sang)led during spring and fall growth 
periods, the reserve contents of roots and stem bases were inversely 
proportional to the weight of roots. Lowest reserves occurred in 
April during the most active shoot and root growth period. 
10. Removing herbage in late November did not appear to be detrimental to 
plant growth the following spring, in fact, some advantage may have 
been present. 
11. Summer ten^eratures at 2-in depth under intermediate wheatgrass sod 
were approximately 3.0 C warmer in the afternoon under clipped grass 
con^ared to unclipped grass. This intensified summer drought damage, 
especially on spring-irrigated plots where grass was not adequately 
hardened. Irrigation reduced the difference in ten^eratures on clipped 
and unclipped plots. 
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12. Nitrogen content in herbage decreased with maturity in response to 
carbohydrate accumulation, but there was little influence in roots 
except when available nitrogen from the soil was limiting. 
13. Suggested management of intermediate wheatgrass pastures for spring 
and fall grazing would be to use a 2-pasture deferred-rotation graz­
ing system. One^pasture would be grazed in the spring while the other 
pasture was deferred and irrigated in the early spring to provide for 
herbage and root growth. Avoid late spring irrigation, especially on 
grazed pastures. The pasture which was grazed in the spring should 
be irrigated and grazing defended in the early fall to provide for fall 
I 
herbage and root growth. 1 
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